






















































































































































































































































































































































































































































































DP8520/DP8521/DP8522

3.0 Programming the DP8520/21/22 (continued)

C7 Column Address Setup Time (tASC) Mode Select
0 Select 10 ns column address setup time (minimum guaranteed)
1 Select 0 ns column address setup time (minimum guaranteed)
cs Row Address Hold Time (tRAH) Mode Select
0 Select 25 ns row address hold time (minimum guaranteed)
1 Select 15 ns row address hold time (minimum guaranteed)
C9 Delay CAS During WRITE Accesses Mode Select
0 CAS is treated the same during WRITE or READ accesses
1 CAS will be initiated during WRITE accesses by whatever occurs last, the on-chip delay line initiating CAS or the
next rising system clock (CLK) edge after RAS goes low. In other words, CAS will be delayed from occurring by at
least one rising clock edge after RAS goes low.
BO Address Latch Mode
0 ADS (Port A) or AREQB (Port B) along with the appropriate GRANT latch the input row, column, and bank
address.
1 The row, column and bank latches are permanently in fall-through mode
B1 Access Modes (for Port A)
0 Access Mode 0: In this mode ADS initiates the access RAS from the next rising clock (CLK) edge. AREQ is used
to hold RAS low during the access. Convenient for Series 32000, iAPX 86/88/186/188, iAPX286. . . etc.
1 Access Mode 1: ADS initiates the access immediately and AREQ ends RAS when it goes high. Convenient for
68000/08/10/20

3.8 PLL STABILIZATION AND VRAM INITIALIZATION
AFTER PROGRAMMING

After power up, the first time ML goes low to high with
DISRFSH high the DP8520/21/22 enters a stabilization pe-
riod in which the on-chip phase-locked-loop, used to gener-
ate precise on-chip delays, locks on to the 2 MHz reference
clock (created by dividing down the DELCLK input). During
this time, any attempted access to VRAM will result in the
DP8520/21/22 asserting WAIT (DTACK high). Also, RFIP is
forced low during the entire stabilization time and indicates
that the DP8520/21/22 is ready for use when it returns
high.

During the stabilization time, refreshes are performed ap-
proximately every 15 psec, eliminating the need for further
VRAM warm-up cycles. The initialization process takes
about 60 ms (see formula below).

The 60 ms initialization process is performed only following
the first programming of the DP8520/21/22 after power up
or reset. If the DP8520/21/22 is programmed again, without
powering down, the 60 ms initialization is not performed.
The PLL initialization period = 4096 X [Delay line Divisor
(Co, C1, C2) X Refresh clock Divisor (C3) + DELCLK fre-
quency]
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3.0 Programming the
DP8520/ 2 1 / 22 (Continued)

3.9 INITIALIZATION OF ECC VRAM SYSTEM

Initialization of an error checking and correcting (ECC) dy-
namic memory system involves writing known data and
check bits to every memory location. The user may or may
not elect to initialize the memory. If the user elects to initial-
ize the memory, it can be very time consuming if the proces-
sor is required to write every location in the memory system.
The DP8520/21/22 allows the user to efficiently initialize
the entire VRAM system through a unique method of doing
a burst refresh (with scrubbing) and writing (known data and
check bits) to all four banks of the VRAM. This is accom-
plished as follows:

a) program the DP8520/21/22 in configuration mode 0 (C4,
C5, C6 = 0, 0, 0), which allows error scrubbing during
refresh; this allows the user to write data to all four banks
of VRAM at once

b) wait for the 60 ms initialization period

¢) latch the data and check bits in the ECC chip that will be
used to initialize the VRAM

d) clear the refresh counter by pulling RFSH low with
DISRFSH high

e) through an 1/0 port (or some other means) do a burst
refresh (pull DISRFSH, RFSH, and WIN low) for the size
of the VRAMs being driven. For example, -if the
DP8520/21/22 is driving one mega-bit VRAMs the out-
puts RFIP, RASn, and Q10 could be gated together to
produce an end-of-count signal that ends the burst (pulls
DISRFSH, RFSH, and WIN high). This burst does not re-
quire the processors attention. The processor can simply
periodically sample the RFIP output to detect when the
burst initialization of memory is completed

f) re-program the DP8520/21/22 with the correct configura-
tion mode

4.0 Guaranteeing RAS Low and
RAS Precharge Time

The user chooses between four combinations of RAS low,
RAS precharge times through the programming bits RO, R1.
The RAS low and RAS precharge time are based upon the
input system clock (CLK). During refresh, RAS is initiated
from the rising edge of CLK, and the RAS low time is met by
counting rising clock edges.

The RAS precharge time is also guaranteed by counting
rising clock (CLK input) edges. .

As an example, suppose that the user had programmed two
periods of RAS low time during refresh and two periods of
RAS precharge time. During refresh, RAS would transition
low from a rising clock edge and transition high two rising
clock edges later. RAS precharge would than count two ris-
ing clock edges after an access or a refresh ends before
allowing another access or refresh to take place (see Figure
14). Please note that the RAS precharge time could be quite
a bit less than two clock periods. For example, if RAS went
high one half clock after a rising clock edge the
DP8520/21/22 would allow the next access to that bank
(RAS) to begin after two rising clock edges; only one and
one half clock periods after RAS ended for the previous
access.

Each bank has its own separate RAS precharge counter,
thereby guaranteeing that the RAS precharge time will be
met between any two accesses to the same bank, even
during interleaved accesses.

Note that RAS low time is guaranteed as programmed only
during refresh. )

[m |2 ||| w|w|E]||

ATS\T/

m'CA&

DTACK

*DTACK set to one clock period after RAS goes low.

TL/F/9338-~14

FIGURE 14. Guaranteeing RAS Precharge (RAS Precharge Set as Two Clock Periods) (Access Mode 1)
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DP8520/DP8521/DP8522

5.0 Wait State Support

There are six bits of programming (R2-R7), an input pin
(WAITIN) and an output pin (WAIT) associated with the wait
state logic for Port A. The Port B wait state logic has no
programming bits or input pins associated with it, but uses
one output pin (ATACKB).

Wait states provide a means whereby a system peripheral
can arbitrarily increase the length of a CPU access cycle by
any number of CPU clock periods. The CPU determines
whether to insert wait states (extra clock periods) into an
access cycle based upon a wait input line. The wait input to
the CPU is periodically sampled during an access to deter-
mine whether the access should be completed or if it should
be prolonged by an extra clock period (see Figures 14, 15,
and 76).

The decision as to whether or not to terminate the CPU
access cycle is intimately tied to the CPU data. During a
write access, has the data been written to the peripheral? If
yes, then no more wait states should be inserted into the
access cycle and the CPU can remove its data from the
data bus. If no, then keep inserting wait states into the CPU
access cycle until the data has been written. During a read

l_-Eﬁ__A T4AS373)
ADDRESS

ADD/ DATAO=31

access, wait states should be inserted into the CPU access
cycle until the data is available for the CPU to read from its
data bus.

The wait input line can be called by many different names
depending upon the manufacturer and the particular CPU,
i.e., WAIT, DTACK, READY, DSACK, XACK, etc. Any of
these signals can be grouped into being compatible with
one of the two outputs of the DP8520/21/22, either WAIT
or DTACK (see Figures 14, 15, 16, 17 and 18).

The wait state logic will automatically insert wait states into
an access cycle due to:

a) RASn precharge not completed,

b) Grant not being valid for that particular port, (DP8522
only)

c) Refresh currently in progress,

d) The user programmed wait states to occur during the ac-
cess,

@) The WAITIN input is low causing extra wait states to be
inserted into the access cycle.

N RASO-3

CAS0-3

NS32032

MAT_{ ppgs20/21/22 [ 00-8,9. 10 R
T B
AREQ |

MEMORY

= ECASO-1 q

BT/0E |

DATA 0-31

DATA 0=31

J [
T4AS245

TL/F/9338-15

FIGURE 15. NS32032/DP8520/21/22 Block Diagram

n TMMU

7 ™ M T4

LK | |

N

__ A
(INVERTED PAY OF MMU)

AREQ
(TE T TS0)
WA

GATE WITH TS0 EXTERNALLY
AND TEE To CWATT

\

\

RASn

\

m1/2 i/

ADDRESS / DATA  s=t={ VIRTUAL ADDR ) PHYSICAL ADDR )

1
FIGURE 16. Series 32000® WAIT Example with

< READ DATA >—-—

' TL/F/9338-16

Memory Management Unit (MMU) (Access Mode 0)
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5.0 Wait State Support (continued)
(EX: Access Mode 0 (Serles 32000 Like), Read Access with one Wait State)
| m ] | ™ | 3 | (3 |

o | LI L1
ws /T O\

AREQ
ADDRESS X

ADDRESS VALID

L1

T

DATA
RAS
s \
WATT 1/2
W \
OR
DTACK DTACK 1/2 \
1

TL/F/9338-17

(EX: Access Mode 1 (68000 Like))

| so st | s2  s3 | s4 S5 | se 57|

| L_J L L1 L1
Iy /—_
=

N\
& \ /

‘

DTACK \ | DA 1 172

o TL/F/9338-18
FIGURE 17. Access Modes and WAIT/DTACK (Data Transfer Acknowledge)

| CLOCK I

L 4 DECODER & 1

ADD/ DATAO=~31 | RAS0-3 |
N MEMORY
ADDRESS @ RCO-8,9,10 (UP 7O 32M BYTES)
———N
0-8,9,10
68000 DP8520/21/22 J_._._‘)
CASO-3
bT/0E |
N WE
V
_8
Ubs or
LS N DR
DATAG=TS DATAO-15
T4AS245

TL/F/9338-19
FIGURE 18. 68000/DP8520/21/22 Block Diagram
(68000 in Interleaved Mods to Guarantee Adequate RAS Precharge Time and Start the Access As Early as Possible)
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DP8520/DP8521/DP8522

5.0 Wait State Support (ontinued)

5.1 WAIT/DTACK PROGRAMMING BIT FOR PORT A

One bit, programmed through the R7 address input, allows
the user to choose between a Wait (WAIT) or Data Transfer
Acknowledge (DTACK) type of output from the
DP8520/21/22 (see Figure 17). In general, any CPU's wait
state logic can directly input either WAIT or DTACK from the
DP8520/21/22. As can be seen, as long as the WAIT out-
putis sampled low by the CPU, wait states (extra clock peri-
ods) are inserted into the current access cycle. Once WAIT
is sampled high, the access cycle is completed by the CPU.
If DTACK is chosen when programming, as long as DTACK
is sampled high by the CPU, wait states are inserted into the
current access cycle. Once DTACK is sampled low, the ac-
cess cycle is completed by the CPU.

5.2 PROGRAMMING THE NUMBER OF WAIT STATES
FOR PORT A

Two bits, programmed through the R2, R3 address inputs,
allow the user to select when WAIT goes high (DTACK goes
low) in relation to RASn and the system clock (CLK) during
an access (see Figures 14, 15, 16, 17 and 18).

If the WAIT output is selected and zero wait states are pro-
grammed into the DP8520/21/22, then the WAIT output will
not go low during an access unless that access is delayed
from occurring (i.e., a refresh being in progress, Port B cur-
rently accessing the VRAM . . . etc.). In this case, the WAIT
output of the DP8520/21/22 will be low until either RASn
goes low, or one half period after RASn goes low for that
access (depending upon what was programmed into bits
“R2, R3" of the DP8520/21/22, see “INTERNAL PRO-
GRAMMING MODE BITS” section 3.6 of the data sheet).

All the logic on the DP8520/21/22 references the rising
edge of the system clock (CLK) input. Therefore, if the user
programmed that WAIT should transition high one half peri-
od after RASn goes low, the WAIT output will transition high
as soon as the condition of RASn low and CLK low occurs
(see Figures 16 and 17).

The WAIT output will transition low, given that wait states
are to be inserted in the access cycle, whenever a chip
selected access starts as determined by the ADS and CS
inputs. The DTACK output will transition high at the end of
the current access as determined by the AREQ input (see
Figure 17).

5.3 PROGRAMMING THE NUMBER OF WAIT STATES
DURING BURST MODE FOR PORT A

Two bits, programmed through the R4 and R5 address in-
puts, allow the user to select when WAIT goes high (DTACK
goes low) in relation to CASn and the system clock (CLK)
during a nibble or page mode access to a VRAM (see Fig-
ures 19 and 20).

Once an access is in progress (RASn is low) the selected
CASn outputs are controlled by the ECASn inputs.

If the WAIT output is selected and zero wait states during
burst mode accesses is programmed into the
DP8520/21/22 (R4 = R5 = R7 = logic “0") then the
WAIT output will not go low throughout the entire burst
mode access. If the DTACK output is selected and zero wait
states during burst mode accesses is programmed into the
DP8520/21/22 (R4 = R5 = logic “0”, R7 = logic “1")
then the DTACK output will stay low during the entire burst
mode access.

If “0T” is programmed into the DP8520/21/22 (R4 = R5 =
logic “1”) then the WAIT (DTACK) output would go low
(high) from ECAS transitioning high and would transition
high (low) from ECAS transitioning low thus being slightly
different from the above mentioned case where (R4 = R5
= logic *0"). Depending upon where the processor sam-
ples WAIT or DTACK during the burst access, this mode
may prove very useful in allowing the user to program any
number of wait states he may desire.

Any burst mode type of access is preceeded by a non-burst
type of access. During a nibble or page mode type of ac-
cess the burst portion of the access is not started until after
an ordinary (non-burst) access at which point the CAS input
to the VRAM can be toggled (while holding RAS low) enter-
ing into the burst access (see Figures 19, 20 and 27).

5.4 PROGRAMMING EXTRA WAIT STATES THROUGH
THE USE OF THE WAITIN INPUT FOR PORT A

One bit, programmed through the R6 address input, allows
the user to select whether one or two clock periods are
added to what was programmed through address bits R2,
R3 (during a non-burst mode access), or through address
bits R4, R5 (during a burst mode access ) if WAITIN is low
during an access (see Figures 21, 22, 23, 24, 25 and 26).

For example, suppose the user has programmed the
DP8520/21/22 to function with DTACK going low one half
system clock periods (referencing CLK) after RASn goes
low during an access and one half period after CASn tran-
sitions low during a burst access. Suppose that the user has
also programmed the DP8520/21/22 to add one clock peri-
od to the above programmed values if the WAITIN input is
low during the access (burst or non-burst). Therefors, if
WAITIN is low during a non-burst access, DTACK will go low
one and one half clock periods after RASn transitions low. If
WATTIN is low during a burst access, DTACK will go low one
and one half clock periods after CASn transitions low (see
Figure 21).

When using the WATTIN input the user should be aware that
this input must be valid some setup time, tSWCK, before the
clock edge that ends WAIT (starts DTACK). If zero wait
states were programmed, the user must have the WAITIN
input low some setup time, tSWCK (access mode 0) or
tSWADS (access mode 1), before initiating the access. The
WAITIN input can go high at the rising clock edge preceding
the period during which WAIT ends (DTACK starts).

The WAITIN input may be useful in systems where, for ex-
ample, the user wants zero wait states during write cycles
and one wait state during read cycles.

An alternate example would be if the user is designing an
error checking and correcting memory system. In this case
he may desire one wait state during read or write operations
and three wait states during byte write operations. Using the
WAITIN input the user can cause the WAIT output to stay
low two clock periods beyond what was programmed via the
R2, 3 address inputs and therefore, add two wait states to
that particular access.

As a further example, the processor may be sharing the
access port with a DMA controller. All processor accesses
can proceed with zero wait states whereas all DMA access-
es may require one wait state. The WAITIN input allows the
user to configure his system in this way.
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5.0 Wait State Support (continued)

A3 RC0-8,9,10,80,81
[——ADDRES_S ST — s

DATA

ADD/ DATAO-31

ADS ADS RAS0=3

1q

A 4

CAS0-3

CTIL CLK, DELCLK

| oom [>o LR
NS32332 | gaR WA

2es8da/iessdasoessda

| DPa520/21/22 [ 20-8,8, 10 MEMORY
(UP TO 64 M BYTES)

DI/0E |
WE
DBE WN
cs
N B DR
DATA 0=31 DATA 0-31
N  74as245

TL/F/9338-20
FIGURE 19. NS32332/DP8520/21/22 Block Diagram

[ 7| 12| 7138 | T4 | 3| B T4 | 3| B |
CLK
(cm)

TS
(INVERT ADS
OF CPU)

R —] I
(TS0 GATED N\ /
WITH BREQ)

WAT i WAT 1

TIE TO RDY WA \
(or 32332) WATO [‘ - :

DDIN
(INVERT AND
TIE T0 WIN)

ADDRESS /0ATA X A@——@‘E\/

RASn

\N
mo-1 TN \_
s TN/ N /N
A\ /T
R yau

FIGURE 20. NS32332 Burst Access with WAIT Programmed
to Go High One Perlod after CAS Goes Low (Access Mode 0)

m
(=
=i

TL/F/9338-21
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5.0 Wait State Support continued)

| ]| w | Tt W W | T

e
w N\
N\
Wi —1{ —
(BTATK MODE) prack1/2 \ |4 |/eurst o7ack 1/2\|_4
W\ ADD ONE CLOCK PERIOD
R/W
ADDRESS / DATA —GJT\ J\éﬁ\ {_oaTa
w1\
Ewso-1 - )\ \ /S
@s0-3 T |\ \ /-

TL/F/9338-22
FIGURE 21. Example of the Effect of WAITIN (Access Mode 1) on Example CPU

| | | B | w | n | 7 | w | 13| u |

m L LML rererr
(cm)
& T\
ADS
(INVERTED ADS OF CPU) _/_\ /-\

AREQ
(TIE TO TSO) /
. g ! i
GATE WITH TSO EXTERNALLY WAT 0 \ WaT1 |

AND TIE TO CWAIT

oo \
ADDRESS / DATA === 40D X WRITE DATA X A0 ) { READ DATA )
mn —-—\ /—-

WAITIN
(TE T0 DDIN)

TL/F/9338-23
FIGURE 22. Series 32000 Example, Zero Wait States During Write Accesses
and One Wait State During Read Accesses (Access Mode 0)
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5.0 Wait State Support (continued) &
CPU CLOCK 8
X2 a
\/ DELCLK, CLK S
2 ®
Q a
¢z} ]
L — TRe ToeR A ~
IS ADS, AREQ |
_Q0-8,9,10 __ | 4 BANKS OF VRAM %
- = | RASO-3, DT/0E N 32 girs PER VRAM *
1 4M BT VRaMS R
DECODER s 8
68020 A2 doo / —
| S BAMBYTES N
ADDRESS ® &  Ad=A26 : DP8520/21/ 22 0 OF VRAM TOTAL
l A0, 1 . CAS1 ’ W 3 W
SIZEOD,1 BYTE SELECT |J——ECASO=1N —
LoGIC y CAS2
R/W . CAS3
L DTACK 1
DSACKO, 1 [ —
1 IN__WE
cs vV
DS
N oR &N MU
DATA0=31 DATAO=31

V] TRANSCEIVERS

TL/F/9338-24
FIGURE 23. 68020 System Block Diagram (Access Mode 1)

oK | mm | w2 | B | un | 27 | w | 1B |
INVERTED
i W O e N o N o N ey I

s\

A_DS_

(68020 AS) \
s T\
R/T N\ __ /
DATA =———t—( WRITE DATA
= T\ T\ a

WATTIN
(TETO R/W ADD 1 CLK PERIOD
INVERTED) ]

\
\

READ DATA

N

TL/F/9338-25
FIGURE 24. 68020 DTACK Example, Zero Walit States During Write Accesses and One Wait State During Read Accesses
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5.0 Wait State Support (continued)

cLOCK
GENERATOR
CLK23 CLK34
CLK34
A 4 y E WS R
— 0-8,9,10
AREQ, | —
—> RASO-3 R
| DTACK DTACK | DP8S520/21/ 22 — » MEMORY
¢ DT/ 0F UP TO 4 BANKS OF
cs P 4M BT VRANS
DECODER
WE32100 Y (64M BYTES) 1
» 81 &%
[ N ]
ADDRESS [} S
‘ 40,1 . L4 4 Y W
DSIZEO,1 BYTE SELECT ECASO-1 | hs2
5 & COLUMN COLINC |
INCREMENT LOGIC oS3
R/W| WiIN l
Bs _
_ WE
[
N BN R M
DATA0=31 DATA0=31
V] TRANSCEVERS N
FIGURE 25. 32100 System Block Diagram (Access Mode 0)
Allows support of burst (up to 4 words) (Address 2, 3 go to CO, 1 inputs)
0 1 2 3 W W W W 4 5 6 7 W W W W 8 9
CLK 34
= T\
BTACK { { i
(TIE 0 SRDY sk 1172 \| 4 (7Y~ |eurst \| : |/
OF CPU) DTACK 1/2
WAITIN \\ ADD ONE CLOCK PERIOD f
ApD0-31 = VALD \ )
DATAO - 31 { DATA ) ’ DATA
BLKFTCH \ /
W ] S/
% \ \_ /
RS0 1 \ N\ VA
eRso0-3 | N\ /
]

FIGURE 26. 32100 Burst Access with WAITIN Low (Access Mode 1)

TL/F/9338-26

TL/F/9338-27
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5.0 Wait State Support (continued)

5.5 PORT B WAIT STATE LOGIC (DP8522 ONLY)

The advanced transfer acknowledge (ATACKB) output for
Port B functions essentially the same as the DTACK output
for Port A programmed for zero wait states. In other words,
as soon as RASN goes low for the Port B access the output
ATACKB will go low and it will stay low untit AREQB ends
(see Figure 27).

It should be noted that the ATACKB output stays low (unti!
the access ends) once it has gone low during an access.
Therefore, if the user is doing a burst type access using Port
B, only the condition of zero wait states is directly support-
ed.

If the user desires to have a wait state in every Port B ac-
cess, this can be performed in external logic fairly easily
(see Figure 28) using the ATACKB output as a reference
point.

5.6 WAIT STATE LOGIC DURING VIDEO RAM SHIFT
REGISTER LOAD FOR PORT A

If using the DP8520/21/22 in a system using video DRAMs,
the CPU that controls loading the video RAM shift register
must be connected to Port A. Given that this is the case, the
WAIT output will remain low (DTACK will remain high) during
a video RAM shift register load access until the output DT is
brought high (loading the shift register of the video

ATACKB ATACKB TO CPU B
CLK
TL/F/9338-29

A) Extend ATACK to V4T (V4 Clock) after RAS Goes Low

ATACKB ATACKB TO CPU B
D Q
oK ———>

TL/F/9338-30

B) Extend ATACK to 1T after RAS Goes Low

ATACKB ATACKB
TOCPUB
pClRq

CPU B CLOCK
TL/F/9338-31

C) Synchronize ATACKB to CPU B Clock. This is useful
if CPU B runs asynchronous to the DP8522.

FIGURE 28. Modifying Wait Logic for Port B

w ML LML LML L
05 /~ N\
e /— I\
crue N
W\ /S
R/W _/
PORT B DATA @ { VAL )—
RASh PORTA | / P(')RT 8 / PORT A
ECASO-1
s | PN e NV
ADDRESS IN PORT A X PORT B X PORT A
e \ e

TL/F/9338-28

FIGURE 27. Wait States During a Port B Access
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DP8520/DP8521/DP8522

5.0 Wait State Support (continued)

RAM). At this point, WAIT will go high (DTACK will go low)
immediately or one half system clock period later, depend-
ing upon how the user had programmed WAIT to end
(DTACK to start) during a non-burst type of access. In other
words, whether WAIT ended (DTACK started) upon a rising
or falling system clock edge. The output DT will remain low
during this access until either the input VSRL goes high or
four clocks after DT went low, whichever occurs first (see
Figures 45 and 50).

6.0 Support for Memory Interleav-
ing (Address Pipelining)

“Memory Interleaving™ refers to the concept of overlapping
accesses to different memory banks. By guaranteeing each
successive access is to a different memory bank the user
can guarantee that the RAS precharge time of each bank is
hidden in the access to the next sequential bank. Because
of this, the effective cycle time of each VRAM access is
greatly reduced.

Memory interleaving takes advantage of the fact that in gen-
eral the majority of memory references generated by a proc-
essor are sequential in nature. This feature can be used to
an advantage with a VRAM controller by tying the two least
significant address bits of the processor to the bank select
inputs (B0, B1) of the VRAM controller (i.e.,
DP8520/21/22). By doing this the system designer guaran-
tees that sequential accesses will access different memory
banks (bank 0- bank 1- bank 2- bank 3- bank 0 . .. etc.).

In the broader sense of “memory interleaving”, perform-
ance can be increased beyond the ability to disregard RAS
precharge time in sequential memory accesses. For exam-

\

RASO

ple, several memory accesses could potentially be occur-
ring at the same time.

The DP8520/21/22 allows this ability through the use of a
programming bit (R8). This programming bit allows the user
to choose how long the column address is held valid after
CAS goes low before switching back to the row address.

In most VRAM controllers, once the row address has been
switched to the column address the column address is held
until the access is finished (i.e., RAS goes high). The
DP8520/21/22 allows the user to choose between this and
holding the column address 50 ns then switching back to
the row address. Given that the latter is chosen, another
access can be started once the new row address is multi-
plexed to the VRAM controller's address outputs (Q0-Q10).
This feature allows two memory accesses to overlap by
starting a second memory access before the first access is
finished (see Figures 29, 30 and 37).

The DP8522 supports memory interleaving in Port A but not
in Port B. The two access request inputs for Port A, AREQ
and ADS, provide support for memory interleaving. ADS
starts an access and AREQ is used to sustain and end the
access. While AREQ is low another access can be started
via ADS.

As a note of caution, it should be apparent that it is not
possible to choose the interleaving mode and allow burst
mode types of accesses (ie. VRAM nibble, page, or static
column mode). This is because when allowing burst type
accesses the least significant bits (LSBs) of the address bus
must be tied to the least significant bits of the
DP8520/21/22 column address inputs. Whereas in memory
interleaving the least significant bits of the address bus
must be tied to the DP8520/21/22 bank address inputs.

An 80386 system is shown in Figures 32, 33 and 34.

CASO

ADDRESS X row X

COLUMN X NexT Row

TL/F/9338-32

FIGURE 29. Non Interleaved Mode

*Column Address Held Until RAS Goes High

N\

RASO

CASO

/ \

:)( ROW

ADDRESS

RAST

coLumn YXNext Row X coLumn YNExT Row X COLUMN )C

/ A

CAS1

TL/F/9338-33

FIGURE 30. Memory Interleaved Mode

*Column address is held for a minimum of 50 ns before changing back to row address
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6.0 Support for Memory Interleaving (Address Pipelining) (continued)

|~_QRP..1 trp
o \ 4 '

RAS \ /
RAS2 /
RAS3 /

IN MEMORY INTERLEAVING %_
ACCESSES MAY OVERLAP

2258dQ/1258dA/0258da
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FIGURE 31. Memory Interleaving
A) Least significant address bits control the RAS bank accessed.
B) As long as VRAM accesses are sequential the VRAM RAS precharge time (tRP), which is
normally part of the VRAM cycle time, may be hidden by consecutive accesses as shown
below. Two consecutive accesses to the same memory bank must be delayed.
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FIGURE 32. 80386/DP8520/21/22 Block Diagram
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6.0 Support for Memory Interleaving (Address Pipelining) (continued)
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FIGURE 33. Interleaved Accesses on the 80386 (Access Mode 0) One Wait State
in Non-Pipelined Access, Zero Wait States in Pipelined Access

(82384 CLK INVERTED)

AD!
(INVERTED ADS OF 80386)
AREQ

WA
(TIE T0 READY)

(NEXT ADDRESS REOUESTE':)A)
ADDRESS 0= 31

DATA 0-31

RASO, 1

RAS2,3

RFIP

(IN BETWEEN
INTERLEAVED ACCESSES)

|'I'llTI|'I'2IT2P|T1P|T2P|T2P|T2P|T2PlT2PlT2PITZPITIPIT2||

ADS
4 ACCESS ACCESS
N

N+1

||

|

.

g B
\_tj

e ADD

RESS N Y ADDRESS N+1 )

r+— 2T AFTER —

REFRESH

&

< ADDRESS N+2 >——-

\ L,

ACCESS N

/ 2T
PRECHARGE

\

REFRESH

N+1

N\ REFRESH [/ 21 I\ ACCESS N#1|/— -
PRECHARGE

ACCESS N+2 /

TL/F/9338-37

FIGURE 34. Refresh/Access Arbitration and Address Pipelining on the 80386
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7.0 VRAM Refresh Options

The DP8520/21/22 supports a wide variety of refresh op-
tions including automatic internally controlled refresh (all
RAS refresh, staggered refresh, and ECC scrubbing during
refresh), externally controlled single or burst refresh (all
RAS refresh, staggered refresh, or ECC scrubbing during
refresh), and various combinations of automatic internally
controlled and externally controlled refresh (see Figures 35,
36, 37 and 38).

There are three pins on the DP8520/21/22 associated with
refreshing the VRAMs; DISRFSH, RFSH, and RFIP (See
section 1, pin definitions) and seven programming bits; R0-
1, RY, C3, C4-6 (see section 3.6).

The two pins DISRFSH and RFSH are used in the extsrnally
controlled refresh mode (see section 7.2). The output RFIP
applies to all refreshing modes. The output RFIP go low one
period before the refresh RASs go low. If an access is cur-
rently in progress, RFIP will go low once the access is over
(AREQ or AREQB and CAS high) up to one clock period
(CLK) before RAS transitions low for the VRAM refresh.
Whether the DP8520/21/22 is executing an internally or ex-
ternally requested refresh, the DP8520/21/22 refresh coun-
ter will automatically be incremented by RAS going high dur-
ing the refresh.

Also, any refresh may be extended through the use of the
EXTENDRF input.

7.1 AUTOMATIC INTERNAL REFRESH OPTIONS

The automatic refresh is generated via an internal refresh
request. The refresh request is generated from the internal
refresh clock. The period of the refresh clock is user pro-
grammed into the DP8520/21/22 through the CO-3 ad-
dress bits. As long as the automatic internal refresh is en-
abled (DISRFSH input is high), a VRAM refresh will be per-
formed once each period of the refresh clock.

The automatic internal refresh will happen whenever a re-
fresh request is generated (once each period of refresh
clock) as long as a VRAM access is not currently in prog-
ress. If a VRAM access is in progress, the DP8520/21/22
arbitration circuitry will wait until the access is finished be-
fore initiating the refresh.

The refresh arbitration circuitry is intelligent enough to be
able to insert a refresh cycle (internally or externally gener-
ated) between two interleaved accesses. This is accom-
plished by allowing the current access to finish while holding
off the next access until the refresh cycle has been com-
pleted. The wait logic will automatically insert wait states
into the next access cycle until the refresh, RAS precharge
time, and preprogrammed wait states (with respect to the
access RAS) have been completed (ses section 5 and Fig-
ure 35).
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FIGURE 35. Refresh Access Arbitration with Series 32000 (Access Mode 0)
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DP8520/DP8521/DP8522

7.0 VRAM Refresh Options (continued)
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FIGURE 36. Regular and Staggered Refresh
(Ex: 2 Clock Periods RAS Low During Refresh, 1 Period RAS High for Precharge)
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FIGURE 37. Externally Requested Single and Burst (of Two Refreshes) Refresh. DP8520/21/22 Programmed for Two
Periods of RAS Low During Refresh and Two Periods of RAS Precharge Between Accesses to the Same RAS Bank.
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7.0 VRAM Refresh Options (continued)
When using the DP8522 in a dual access VRAM system, the
refresh arbitration circuitry has the ability to insert a refresh
(externally or internally generated) between two accesses
even when the LOCK input is low (generally used during a
read modify write semaphore type of operation).
However, the refresh arbitration logic cannot interrupt a
burst mode type of access (VRAM nibble, page, or static
column mode access) in order to do a refresh. Therefore, it
is the system designers responsibility to guarantee that the
VRAM is refreshed often enough when allowing burst mode
types of accesses. This could be guaranteed in one of the
following ways;
a) only allow burst mode accesses that are less than a re-
fresh clock period in length

b) by doing externally controlled single or burst type refresh-
es to guarantee adequate refreshing of the VRAM

7.1.1 INTERNALLY CONTROLLED ALL RAS REFRESH

In an internally controlled all RAS refresh, RAS0-3 all go
low and high during the refresh simultaneously and stay low
the programmed amount of time (set by address bits RO, 1).

The RAS precharge time is guaranteed between the previ-
ous access ending to refresh starting and the refresh ending
to the next access starting (see section 4 and Figures 35
and 36).

7.1.2 INTERNALLY CONTROLLED STAGGERED
REFRESH

In an internally controlled staggered refresh, RAS0-3 are
each staggered by one system clock period (CLK) as they
go low and high. In other words, during the refresh RASO
will go low, followed one period later by RAS1, one period
later by RASZ, and finally one period later by RAS3 (differs if
RAS/CAS configuration mode in which more than one RAS
goes low during an access is selected). The RASs will end
in a similar manner; RASO, followed one period later by
RASH1, one period later by RASZ, and one period later by
RAS3 (see Figure 36).

The RAS precharge time is guaranteed between the previ-
ous access RAS ending to the refresh RASO starting and
the refresh RAS3 ending to the next access RAS starting.

It should be noted that staggered refresh is not allowed
when scrubbing is programmed, this combination is used as
a test mode of the chip.

7.2 EXTERNALLY CONTROLLED REFRESH OPTIONS

The externally controlled refresh is generated externally
through the use of two pins, DISRFSH and RFSH.

If the user desires to control refreshes externally he should
disable internal refreshes by tying DISRFSH low.

It is important to note that externally controlled refreshes
can be all RAS refreshes or staggered refreshes depending
upon how the DP8520/21/22 was programmed (program
bit R9).

Similar to what was mentioned in section 7.1 regarding au-
tomatic internal refreshes, an externally controlled refresh
request can insert a refresh (single or burst) between two
interleaved accesses or between two locked (LOCK low)
accesses when using the dual accessing capability. But
even an externally controlled refresh request cannot stop a
burst mode access. Therefore, during a burst mode access
the system designer is responsible for guaranteeing that the
VRAM is refreshed often enough.

7.2.1 EXTERNALLY CONTROLLED SINGLE REFRESHES

In order to do an externally controlled single refresh, the
user should tie DISRFSH low and pulse RFSH low for a
minimum of tPXX. If the user wants only one refresh cycle
he must pull RFSH high a setup time, tSXX, before the clock
edge that ends the refresh RASs. If the user holds RFSH
low until after that clock edge another refresh cycle will be
executed (see Figure 37).

7.2.2 EXTERNALLY CONTROLLED BURST REFRESHES

A burst refresh consists of multiple back to back refreshes
that meet the refresh RAS low time and the RAS precharge
time (programming bits R0-1). In order to do a burst re-
fresh, RFSH must remain low until the required number of
refreshes have been executed. (DISRFSH should be tied
low).

If the user desires to burst refresh the entire VRAM (all row
addresses) he could generate an end of count signal (burst
refresh finished) by looking at one of the DP8520/21/22
high address outputs (Q7, Q8, Q9 or Q10), the RFIP output,
and one of the RASn outputs. The Qn outputs function as a
decode of how many row addresses have been refreshed
(Q7 = 128 refreshes, Q8 = 256 refreshes, Q9 = 512 re-
freshes, Q10 = 1024 refreshes).

It should be mentioned that the user does not have to re-
fresh the entire VRAM every time he does a burst refresh.
The DP8520/21/22 allows the user to do burst refreshes of
any length. As an example, the user could always do bursts
of 16 refreshes using the above mentioned method by gat-
ing Q4 into the end of count logic.

7.3 COMBINATION OF INTERNAL AND EXTERNAL RE-
FRESHING

It is also very simple to use a combination of internally and
externally controlled refreshing with the DP8520/21/22.
This feature may be very useful in a system where the
VRAM can be refreshed by the automatic internal refreshes
most of the time but sometimes requires bursts because a
process runs that cannot be interrupted during the time it is
accessing the VRAM. This process may be accessing the
VRAM for several milliseconds at a time. Since it is not pos-
sible to do VRAM refreshes during this time, the system
designer may decide to do a burst refresh before and after
this particular access mode.

When the user wants to do a burst refresh in the above
mentioned situation he may first want to clear the refresh
counter (see section 7.5). He can then hold both DISRFSH
and RFSH low for a predetermined amount of time (see
section 7.2) until the burst refresh is finished.

During an externally controlled refresh (DISRFSH and
RFSH both low) the system designer must guarantee that
DISRFSH remains low for a minimumn of 500 ns in order to
clear the DP8520/21/22 internal refresh clock counter. By
clearing the internal refresh clock counter the user is guar-
anteeing that an internally requested refresh will not be gen-
erated for one refresh clock period, approximately 15 us
(see section 7.1), from the time DISRFSH goes high.

7.4 TRANSPARENT SINGLE BIT ERROR SCRUBBING
DURING MEMORY REFRESH

The DP8520/21/22 supports error scrubbing during VRAM
refreshes (up to 4M-bit VRAMSs) by containing a 24 bit inter-
nal refresh counter (11 row, 11 column, and 2 bank ad-
dresses). This is a useful function in a VRAM system em-
ploying Error Checking and Correcting (ECC) circuitry as is
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DP8520/DP8521/DP8522

7.0 VRAM Refresh Options (continued)

explained below. The system designer chooses whether he
wants error scrubbing during VRAM refreshes by how he
programs the DP8520/21/22 (program bits C4-6, see sec-
tion 3.6).

In a VRAM system employing ECC, the memory is always
accessed as whole words because ECC circuitry must al-
ways read or write whole words. Therefore, byte writing to
memory using byte CASs or WEs is never done. Byte reads
or writes are always done external to the VRAM system via
the ECC chip and/or system transceivers.

In the general case the user can think of the VRAM as being
organized as a RAS and CAS per bank. When an error
scrubbing during refresh cycle is in progress the
DP8520/21/22 not only outputs a refresh row address and
brings all four RASs low, but it then automatically multiplex-
es the row to the column address and brings one CAS low
(depending upon the bank select bits in the 24 bit refresh
counter).

When the DP8520/21/22 is programmed to allow error
scrubbing during VRAM refresh cycles, a complete memory
access is done during the VRAM refresh cycle. In other
words, VRAM refreshes are serving the dual function of re-
freshing the VRAM along with accessing the VRAM. If the
ECC circuitry detects a single bit error during the refresh
cycle, the error can be corrected and rewritten back to the
VRAM (see Figures 38 and 39).

It is important to note that while an error scrubbing during
refresh access is being performed it is the system design-
er's responsibility to properly control the WE input of the
VRAM. For example, WE should be high during the initial
access of the VRAM. This could be accomplished by gating
RFIP with the processor access circuitry that creates WE. If
a single bit error is found in a particular word, the corrected
data can then be written back to VRAM by bringing WE low.

In order to accommodate the extra time needed during the
refresh cycle, if a single bit error is to be corrected and
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FIGURE 39. An Error Checking and Correcting Memory System May Include the
Useful Feature of Memory Scrubbing During VRAM Refresh as Shown Below
(Scrubbing During VRAM Refresh may Take Longer than Ordinary VRAM Refresh)




7.0 VRAM Refresh Options (continued)

rewritten back to memory, the DP8520/21/22 extend re-
fresh (EXTENDRF) input can be pulled high. By pulling EX-
TENDRF high while the RASs are low during the refresh
cycle, the current refresh cycle is extended (RASs and
CASs remain low) until the next rising clock edge after
EXTENDREF is brought low again (see Figures 38 and 39).

7.5 CLEARING THE REFRESH COUNTER

If the VRAM system is always doing burst refreshes to guar-
antee refreshing the VRAM often enough, the system de-
signer is probably not worried about having the ability to
clear the refresh counter. But if the VRAM system is doing
burst refreshes part of the time and single refreshes some
of the time, it is probably important to have the ability to
clear the refresh counter. The refresh counter is cleared
anytime that DISRFSH is high and RFSH is low (this condi-
tion does not cause a VRAM refresh). Typically, a burst is
performed by bringing RFSH low and then DISRFSH low
one clock later and holding them both low until the burst is
completed.

7.6 CLEARING THE REFRESH REQUEST CLOCK

The internal refresh request clock counter can be cleared
by making sure that DISRFSH remains low for a minimum of
500 ns (one period of the 2 MHz internal clock). By clearing
the internal refresh clock counter the user is guaranteeing
that an internally requested refresh will not be generated for
one refresh clock period, approximately 15 ps (see section
7.1), from the time DISRFSH goes high.

8.0 CPU Clock Frequency Options
There are two clock inputs to the DP8520/21/22, CLK and
DELCLK. These two clocks may both be tied to the same
clock input, or they may be two separate clocks, running at
different frequencies, asynchronous to each other.
The system clock input, CLK, may be in the range of 0 hertz
up to approximately 25 MHz. This clock is used for all on
chip functions that require a clock (except the refresh clock
and the delay line) such as;
a) All on chip arbitration (Port A, Port B, and refresh)
b) guaranteeing RAS low time during refresh (see section 4)
c) guaranteeing RAS precharge time between refreshes
and/or accesses
d) determining how the wait logic (see section 5) functions
with respect to the DP8520/21/22 RAS and CAS outputs
All Port A and Port B accesses are assumed to be synchro-
nous to the system clock CLK (see section 13).
The clock input, DELCLK, may be in the range of 6 MHz to
20 MHz and should be a multiple of 2 (ie. 6, 8, 10, 12, 14,
16, 18, 20 MHz) to have the DP8520/21/22 switching char-
acteristics hold. If DELCLK is not one of the above frequen-
cies the accuracy of the internal delay line will suffer. This is
because the phase locked loop that generates the delay
line assumes an input clock frequency of 2 MHz.

For example, if the DELCLK input is at 7 MHz and we
choose a divide by 3 (program bits C0-2) this will produce
2.333 MHz which is 16.667% off of 2 MHz. Therefore, the
DP8520/21/22 delay line would produce delays that are
16.667% shorter (faster delays) than what is intended. If
divide by 4 was chosen the delay line would be 12.5% long-
er (slower delays) than intended (1.75 MHz instead of
2 MHz).

The effect of these discrepancies is determined as follows:

actual minimum tRAH (programmed 15 ns tRAH) =
[20 x { (DELCLK divisor x 2 MHz + DELCLK freq.) — 1} 1]
+ 15

actual minimum tRAH (programmed 25 ns t RAH) =

[30 x { (DELCLK divisor x 2 MHz +~ DELCLK freq.) — 1} ]
+ 25

actual minimum tASGC (programmed 0 ns tASC) =

{15 x DELCLK divisor x 2 MHz + DELCLK freq.} — 15
actual minimum tASC (programmed 10 ns tASC) =

{25 x DELCLK divisor x 2 MHz + DELCLK freq.} — 15

actual delay to CAS = spec + actual t RAH
— spec tRAH + actual tASC — spec tASC

The refresh clock divider, that periodically produces the in-
ternal refresh request signal, also references this 2 MHz
internal clock. The exact input clock frequency is not as
critical, with respect to the refresh clock period, as it is with
the delay line. This is because the exact refresh clock peri-
od is not terribly critical. As long as the VRAM is guaranteed
to be refreshed often enough it is not terribly important
whether it is refreshed every 156.6 us or 15.0 us just as long
as it is refreshed a minimum of every 15.6 ps.

9.0 RAS and CAS Configuration
Modes

The DP8520/21/22 supports eight RAS and CAS configura-
tion modes (see section 3.6). The basic differences among
these modes are:

a) support of error scrubbing during refresh

b) support of byte writing via the inputs ECASO-1 and the
CASO0-3 outputs

¢) the number of RAS and CAS outputs that are selected
during an access by the bank select inputs B1 and BO.
One, two, or four RASs (and possibly CASs) may be
selected during an access to go low. This allows all
RAS and CAS drivers to be used regardless of how the
memory is organized.
The DP8520/21/22 is specified driving 72 VRAMs, repre-
senting four banks of VRAM with 18 VRAMSs per bank (one
16 bit word plus 2 parity bits) or 2 banks of 36 VRAMs each.
The DP8520/21/22 can directly drive four banks of 32 bits
per bank, but the timing specs must be adjusted as de-
scribed in the AC specification portion of this data sheet.
For an example of three different RAS CAS configuration
modes see Figures 40a, 40b and 40c.
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9.0 RAS and CAS Configuration Modes (continued)
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10.0 VRAM Critical Timing Pro-
gramming Options (tASC and
tRAH)

There are two main timing parameters that must be met
when controlling the access timing to a VRAM. These are
the row address hold time (tRAH) and the column address
setup time (tASC). Because the DP8520/21/22 contains a
very precise internal delay line, there exists the ability to fine
tune these two critical parameters when programming this
chip (see Figure 41).

Itis important to note that the DP8520/21/22 input DELCLK
will affect the parameters tRAH and tASC. See section 8 for
a detailed discussion of the effect of DELCLK on these two
parameters.

The row address hold time (tRAH) is the time from RAS
going low until the row address starts to change to the col-
umn address. In the DP8520/21/22, the user has a choice
of 15 ns or 25 ns for tRAH.

The column address setup time (tASC) is the time from the
column address being valid until CAS transitions low. In the
DP8520/21/22, the user has a choice of 0 ns or 10 ns for
tASC.

The user's choice of the two parameters will be primarily
based on the particular VRAM chosen. For example, if the
user was using one DP8520/21/22 to control eight banks of
VRAM (each bank being 32 VRAMs in length) he would be
forced to use external drivers for driving the VRAMs. In this
case, he might choose to program the DP8520/21/22 with

the larger tRAH and tASC to allow for skew between the
outputs on the external driver chips.

11.0 Support for Late Write
Accesses

In general, to gain the highest performance from a VRAM
system it is necessary to start all VRAM accesses as early
as possible. During a read access to the VRAM one wants
as much time as possible to accomplish the access. This
allows the designer to use slower VRAMs or to avoid the
necessity of inserting wait states into the processor access
cycles (thus achieving higher performance).

In a VRAM, if WE is low (write access to the VRAM), CAS
going low latches the data into the VRAM. If write accesses
are started as early as possible, the chance exists that CAS
may go low before valid data is available to the VRAM. The
DP8520/21/22 gets around this potential problem by pro-
viding a means to delay CAS from going low during write
accesses until the rising system clock edge after RAS goes
low (programming bit C9 and Figure 42).

If there exists the possibility that valid data may still not be
available (one period after RAS goes low) the user can fur-
ther delay CAS from going low by externally controlling the
ECASO-1 inputs.

[+—————— READ CYCLE TIME —’I

RAS \ RAS PULSE WIDTH / RAS PRECHARGE \

CAS Row ADDRESS IE oS puse word / \
HOLD TIME tycc COLUMN ADDRESS SETUP TIME
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FIGURE 41. VRAM Timing Read Access Cycle
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11.0 Support for Late Write Accesses (Continued)
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RAS (next Rising CLK Edge) Goes Low During Write Access with 68000 CPU

12.0 The DP8520/21/22 Address
Input Latches

The user can program (programming bit BO) whether the
DP8520/21/22 address latches latch the input address
while ADS or AREQB is low (with the appropriate GRANT),
or remain permanently in fall-through mode.

If the address latches are used, the external address must
satisfy the setup and hold requirements shown in the
switching characteristics.

If the user intends to do burst mode accesses and make
use of the COLINC input (auto increment of column address
internal to the DP8520/21/22), the DP8520/21/22 must
latch the addresses (see section 14.1.1).

The user should be cautioned that when the DP8522 is
used in dual accessing applications the addresses for Port
A will not be latched on-chip until both ADS is low and one
system clock period has passed since GRANTB has tran-
sitioned low. Similarly, the Port B address is latched when
AREQB is low and GRANTB has been high for at least one
clock period. Therefore, the user will probably need to iatch
the addresses externally in dual accessing situations.

13.0 Access Modes Available on
the DP8520/21/22

The DP8520/21/22 contains two access modes for Port A
(mode 0 and mode 1, see section 3.6), and one access
mode for Port B. Both of the Port A access modes are gen-
eral purpose and allow an easy interface to any processor.

v

The Port B access mode is similar to the Port A mode 1

access mode.

A Port A access to the VRAM Is initiated by three input pins,

ADS, AREQ, and TS. A Port A access must be chip select-

ed to cause the DP8520/21/22 to access the VRAM.

A Port B access to the VRAM s initiated by the input

AREQE.

It is important that the inputs that initiate accesses to the

VRAM (ADS, AREQ and AREQB) be synchronous to the

system clock (CLK) (see AC spacifications).

Once an access has been started through Port A or Port B,

the DP8520/21/22 will automatically:

a) have the row address valid to the VRAMSs, given that
the address setup time to the DP8520/21/22 was met

b) bring appropriate RAS (or RASSs) low to the VRAM

c) guarantee the programmed row address hold time
(tRAH) at the VRAMs before allowing the
DP8520/21/22 address outputs (Q0-Q10) to change
to the column address

d) guarantee the programmed column address setup time
(tASC) at the VRAMSs before allowing the appropriate
CAS (or TASs) to go low

e) hold the column address valid a minimum of 50 ns or
until the access ends, depending on whether the
DP8520/21/22 was programmed in interleaving or
non-interleaving mode

Figure 43 shows the two access modes.
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13.0 Access Modes Available on the DP8520/21/22 (Continued)
EX: Access Mode 0 (Series 32000 Like), Read Access with One Wait State

| n | 2 | ™ | T3 | i |
ax| ] 1 L1
ADS / \
AREQ /
ADDRESS X ADDRESS VALID
RAS N
s \
' WATT 1/2 i
WA /
OR
DTACK DTACK 1/2  \ 4
: TL/F/9338-48
EX: Access Mode 1 (68000 Like)
| so st | s2 s3 | s4 ss | s& ST |
| L ) Lt L]
s ) /
AREQ k\
RAS ~\
s \ /
DTACK \ DTACK 1 1/2
TL/F/9338-48

FIGURE 43. Access Modes and WAIT/DTACK (Data Transfer Acknowledge)

13.1 REQUIREMENTS FOR PORT A ACCESSES
USING MODE 0

Access mode 0 allows an access to be initiated from the
rising edge of the system clock, CLK. When ADS pulses
high an access will be initiated from the next rising edge of
CLK, if the VRAM is free for an access at that time and Cs
is valid (see Figure 43). In dual-access applications (using
DP8522), CS must remain valid the entire time that ADS is
low. Otherwise, it need remain valid only until AREQ goes
low.

When performing memory interleaving the ADS input cannot
go high, to start another access, until AREQ (from the pres-
ent access) has been low at least one clock period.

ADS may stay high several CLK periods but must return low
before or during the clock period (period of time between
two consecutive rising clock edges) when AREQ goes high.

Mode 0 is useful for processors such as the National Semi-
conductor Series 32000, including the NS32332, for the
8088/86/188/186/286/386, and possibly for other proces-
sors (such as 68000 family) depending upon the processor
clock frequency and application. In these processors the
address strobe pulses high (inverted 32000 ADS, 80286
“S0 * 51" inverted) and can be tied to the ADS input of the
DP8520/21/22. A read strobe gated with a write strobe
could easily provide the AREQ input.

It is interesting to note that since the user programs the
DP8520/21/22 as to how the wait logic should function
(see section 5), he need not be concerned about when to
end an access (AREQ high) if he uses a read and write
strobe gated together since these outputs from the proces-
sor will not end until the access is completed.
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13.0 Access Modes Available on the DP8520/21/22 (Continued)

13.2 REQUIREMENTS FOR PORT A ACCESSES
USING MODE 1

Access mode 1 is very similar to access mode 0. The differ-
ence being that mode 1 allows an access to be intitiated
from the low going edge of ADS, if the VRAM is free to do
an access at that time. Chip select (CS) must be valid a
setup time, tSCSADS before ADS becomes valid and be
held until ADS goes invalid (high). AREQ going low at the
same time as ADS or sometime later continues the access
and ends the access upon going high (see Figure 43).

If the user is not interleaving accesses, the inputs ADS and
AREQ will generally be tied to the same input signal, such
as the AS output of the 68000.

If these two inputs are not tied together, ADS (for access
“n") cannot transition high until some hold time (tHASAQ)
after AREQ (for access “n”) goes valid. If the ADS input is
held low until after AREQ goes high, AREQ going high will
still end the access RAS. A new access will not be initiated
until ADS goes high and then back low again.

During interleaving it is possible to have ADS go high (for
access “n”) after AREQ goes low and then have ADS re-
turn low again (for access “n" + 1) to initiate a new access
(see section 6 for more information on interleaving).

Mode 1 is useful for processors such as the 68000 family
(68000/08/10/20), the 80286/386, and possibly for other

0 1 2 3

processors (such as the National Semiconductor Series
32000) depending on the speed and application. In these
processors the address strobe going low means that the
address has been valid for some setup time and can be tied
to the ADS input of the DP8520/21/22. The address strobe
AS or a read strobe gated with a write strobe could easily
provide the AREQ input.

Since the user programs the DP8520/21/22 as to how the
wait logic should function (see section 5) that he need not
be concerned about when to end an access (AREQ high) if
he uses AS or a read and write strobe gated together since
these outputs from the processor will not end until the ac-
cess is completed.

13.3 REQUIREMENTS FOR ACCESSES THROUGH
PORT B (DP8522 ONLY)

Port B allows an access to be initiated from the falling edge
of the AREQB input, similar to access mode 1 of Port A.
AREQB must be held low until the access is completed (see
Figure 27).

The user should gate the Port B access request with its chip
select externally to produce a AREQB input. If Port B is
asynchronous to the CLK input of the DP8522, the user
should externally synchronize the Port B request (AREQB)
to CLK. See AC specifications for AREQB to CLK require-
ments.
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FIGURE 44. 32100 Burst Access Using Static Column VRAMs and DP8522




14.0 Support for Burst Mode

Accesses

The DP8520/21/22 provides broad support for burst mode
accesses (VRAM nibble, page, and static column modes)
for Port A and Port B (DP8522 only). However, the Port B
burst mode support does not include as much wait state
generation support as Port A (see section 5.5).

14.1 SUPPORT FOR PORT A BURST MODE ACCESSES

Port A has the following input pins which help support burst
mode type accesses: ECASO, ECAS1 and COLINC. These
inputs primarily affect the DP8520/21/22 logic blocks con-
cerned with wait state generation, column address strobe
(CAS0-3) generation, and the address latches.

The ECASO-1 inputs allow the user to control when the
CAS0-3 outputs go low and high during an access. ECASn
must be low for CASn to be low during an access. The
DP8520/21/22 supports burst type accesses by allowing
the user to connect the appropriate processor control sig-
nals to the ECASn inputs. The processor can then toggle
the ECASn input during a memory access to cause CASn to
toggle at the output of the DP8520/21/22 (see Figures 20
and 26).

The DP8520/21/22 also provides wait logic support for
burst mode accesses through Port A (see section 5.3).

14.1.1 Support for Port A Burst Mode
Automatic Column Address Increment

The DP8520/21/22 has the added feature of being able to
support sequential burst accesses through the COLINC in-
put. The COLINC input allows the column address to be
incremented by one whenever COLING transitions high dur-
ing an access, provided that the column address is latched.
This feature allows the support of a sequential page mode
(or static column mode) access in which the CPU (or con-
troller) puts out a single address and does a read or write of
multiple sequential words of data (see Figure 44).

The user must be aware that to use the COLINC input (in
Port A) he must program the DP8520/21/22 to latch the
address when ADS is low (see section 12) and have chosen
the non-interleaved mode (see section 6). The COLINC in-
put has the dual function of incrementing the column ad-
dress during burst mode accesses and extending refreshes
when doing a refresh. Therefore, in designing external logic
to support the column increment function the user should
allow COLINC to go high during a burst access only when
he wants the column address to be incremented.

It should be noted that if a refresh is currently in progress
and an access is pending the COLINC input going high will
function as the extend refresh input (EXTENDRF) and will
not increment the column address of the memory access.

14.1.2 Requirements for the DP8520/21/22 ADS and
AREQ Inputs when Doing Burst Mode Accesses

The input ADS must be held low the entire access in order
to use the COLINC input. If the COLINC input will not be
used during the burst access the ADS input need only stay
low until AREQ goes low in the mode 1 access mode (see
section 13). The input AREQ should be held low until it is
desired to end the burst access (see Figures 20, 26 and 44).

14.2 SUPPORT FOR PORT B BURST MODE ACCESSES
(DP8522 ONLY)

Port B allows the same support for burst mode accesses as
Port A but does not include as much support in terms of the
wait logic (see section 5.5). The access request input,
AREQB, should be held low until it is desired to end the
burst access.

15.0 Support for Error Checking
and Correcting (ECC)

Memory Systems

The DP8520/21/22 supports ECC memory systems in a va-
riety of ways. In section 3.5.1 an efficient method of initializ-
ing an ECC memory system with user generated data and
check bits is discussed. In section 5.4 the wait state logic
and the WAITIN input and its relationship to ECC is dis-
cussed. In section 7.4 error scrubbing during memory re-
fresh is discussed. In section 9 it is shown that the pro-
grammed RAS and CAS configuration modes effect wheth-
er error scrubbing during refresh is allowed (see Figure 38,
ECC block diagram).

The types of errors possible in a memory system can be
grouped into two categories, soft errors and hard errors.

A soft error is a random non-repeatable type of error. A soft
error occurs when a bit stored in memory incorrectly chang-
es state because of such things as noise in the system,
intermittent failure of memory or support chips, improper
system timing, pattern sensitivity, temperature sensitivity, al-
pha particle radiation, . . . etc. A soft error can be corrected
by overwriting the erroneous data with correct data.

A hard error can be classified as an error that is always
there anytime one reads a specific memory location. Hard
errors can be caused by such things as stuck memory bits,
memory chip failure, memory interface circuit failures, ...
etc. The only way to correct a hard error in a system is to
replace or repair the faulty component.

All error checking and correcting chips for memory systems
on the market employ a modified hamming code. These
chips (such as the National Semiconductor DP8400-2 or
DP8402) allow detection and correction of all single bit er-
rors (hard and soft) to the system host and detection of all
double and some triple bit errors. It is possible to correct
some multiple bit errors in a data word by applying such
techniques as the double complement method. Also, only
soft errors can be corrected by writing the corrected data
back to memory.

The probability of a multiple bit error oceurring in the memo-
ry is very slim because it means that several. soft errors
must occur within the same memory word. The chance of
this occurring is reduced much further if the memory is be-
ing scrubbed during refresh cycles (see section 7.4).

In the rest of this section several application examples in-
volving ECC will be discussed.

15.1 APPLICATION # 1; USING ECC WITH BUS CYCLE
RETRY IN THE ERROR MONITORING MODE

If a correctable error occurs during a bus cycle some proc-
essors support a bus cycle retry feature (i.e. Na:ional Semi-
conductor Series 32000, 68€20). This feature allows a proc-
essor to repeat the erroneous bus cycle.
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15.0 Support for Error Checking
and Correcting (ECC)

Memory Systems (continued)

If the system processor supports the bus cycle retry feature,
an ECC memory system can be operated in an error moni-
toring mode. In this mode there is no performance penalty
paid for including ECC in the memory system. The data that
is read from the VRAM is always assumed to be correct. if a
single bit error is found the appropriate control signals can
be used to signal the processor to rerun the bus cycle.
While the CPU is rerunning the bus cycle the ECC unit can
correct the single bit error, and write the corrected data
back to the VRAM. The rerun bus cycle will then access the
corrected data. The system designer may want to consider
adding some type of time out feature so that if a single hard
error is in memory the system does not get stuck rerunning
the erroneous bus cycle indefinitely (i.e. three consecutive
errors in a bus cycle causes a system interrupt or bus error).
If a double bit error should occur, the processor can be
interrupted and the appropriate action taken.

15.2 APPLICATION #2; USING ECC WITHOUT BUS
CYCLE RETRY IN THE ERROR MONITORING MODE

The “‘error monitoring method” could be used in a system
which does not support the “bus cycle retry” feature. As in
application #1 (above) there is no performance penalty
paid for including ECC in the memory system when using
the error monitoring method. The data that is read from the
VRAM is always assumed to be correct.

In this application all single bit error correction takes place
within the scrubbing during refresh cycles. Since a single
memory location gets scrubbed approximately every 15 ps
and the DP8520/21/22 allows up to four banks of 4 Mbit
VRAMSs (24 bit scrubbing refresh counter) the entire memo-
ry will be scrubbed every 4.2 minutes. By continuous scrub-
bing of the entire memory the probability of the processor
seeing a single bit error is greatly reduced (compared to a
non-scrubbing during refresh system).

If a single or multiple bit error should occur the processor
can be interrupted and the appropriate action taken.

15.3 APPLICATION #3, USING ECC IN THE ALWAYS
CORRECT MODE

If a memory system uses ECC in the *‘always correct mode”
the memory system will pay a performance penalty. The
“always correct method” involves always running the mem-
ory data through the ECC circuitry before giving it to the
processor. By doing this the processor is always guaranteed
to get correct data even if the data has a single bit error

(hard or soft error). Because the data is always run through
the ECC unit, wait states must usually be inserted into the
processor access cycle to allow for the extra time this takes.
Therefore, this method is not as performance efficient as
the previously mentioned methods. If the data has multiple
bit errors the processor can be interrupted and appropriate
action can be taken.

If a single bit error is found, the corrected data can be writ-
ten back to the VRAM during the present access cycle or
left alone, allowing the appropriate scrubbing during refresh
cycle to correct it.

16.0 Dual Access of the VRAM with
the DP8522

The DP8522 has the built in arbitration circuitry necessary to
support two separate ports (A and B) and refresh (internally
or externally controlied). VRAM refresh has the highest pri-
ority followed by the currently granted port. The ungranted
port has the lowest priority. The “most recently used” arbi-
tration algorithm is used to determine access priority on the
DP8522. This means that the currently granted port (A or B)
will stay granted until the condition of a rising system clock
edge with no access request from the currently granted port
(A or B) and an access request from the other port occurs.
At this point GRANT will switch to grant VRAM access
rights to the other port.

It should be noted that CS should be kept low, from Port A,
during the entire Port A access (ADS, AREQ low). This guar-
antees that GRANTB does not change to Port A unless a
CS access from Port A is pending.

The access functions supported by Ports A and B have
been discussed in section 13 (access modes available on
the DP8522). The address latches in relation to dual ac-
cessing have been discussed in section 12.

The processors connected to Ports A and B could be com-
pletely different (different processors, clock speeds, bus cy-
cles, ... etc.).

A GRANTB output of the DP8522 can be used externally to
multiplex the addresses, LOCK input, CAS enables, and
WIN input of the particular port granted to the DP8522.
When GRANTB is high, Port B is granted; while low, Port A
is granted. The DP8522 holds a pending access from a par-
ticular port from starting until one clock period (CLK) after
GRANTB becomes valid for the particular port. This allows
time for the granted port's address and control signals to
become valid at the VRAM inputs before a VRAM access is
allowed to start. Once a port has become granted its ac-
cesses are allowed to start immediately when requested,
unless a refresh is in progress or RAS precharge is not com-
pleted (see Figures 45 and 27).
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16.0 Dual Access of the VRAM with the DP8522 (continued)
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FIGURE 46. The Video RAM (A Dual Ported Memory)
Ideal solution for graphics frame buffer. Screen refresh can occur at the same
time as random access to the frame buffer for screen update and manipulation.
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(See Section 22.0 number 3 for further information)

256 ROWS

TL/F/9338-52

TL/F/9338-53

1-172




16.0 Dual Access of the VRAM with the DP8522 (continued)
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16.0 Dual Access of the VRAM with the DP8522 (continued)
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FIGURE 50. The DP8500 Raster Graphics Processor Interfaced to the DP8520/22 Video RAM Controller

16.1 THE PORT LOCK FUNCTION

When the DP8522 is being used as a dual port VRAM con-
troller the LOCK input allows the currently granted port to
lock out the other port. In other words, if Port B is granted
access to the VRAMs (GRANTB is high) it can bring LOCK
low thereby disallowing Port A from accessing the VRAM,
until LOCK is brought high.

Note that LOCK being low does not disable refreshes from
happening, but only holds GRANTB valid to the particular
port.

17.0 DP8520/21/22 Video RAM
Support

The DP8520/21/22 provides full support for all access
modes of video RAMs through the addition of three pins
(AVSRLRQ, VSRL, and DT/OE) to the standard
DP8420/21/22. The access modes of video RAMs can be
split up into two groups; video RAM transfer cycles (read
with the serial port in active or in standby mods, write, and
pseudo write transfer cycles), and non-transfer cycles. The
DP8520/21/22 support of video RAMs allows the full capa-
bilities of the National Semiconductor Advanced Graphics
chip set (DP8500 Series) to be realized. See Figures 45, 46,
47, 48, 49 and 50.

17.1 SUPPORT FOR VRAM TRANSFER CYCLES
(TO THE SERIAL PORT OF THE VRAM)

The DP8520/21/22 supports VRAM transfer cycles with the
serial port in the active or standby mode. Active or standby
refers to whether data is or is not currently being shifted in
or out of the VRAM serial port (i.e., whether the shift clock is
currently active). The DP8520/21/22 support for data trans-
fer cycles with the serial port in the active mode includes the
ability to support transter cycles with the serial port in the
standby mode. Hereafter, the term VRAM transfer cycle
means VRAM transfer cycle with the serial port in the active
mode.

In order to support VRAM transfer cycles, the
DP8520/21/22 must be able to guarantee timing with re-
spect to its input CLK (which must be synchronous to VRAM
shift clock), RAS, CAS, and DT/OE. Figure 50 shows the
timing of a graphics memory system where the
DP8520/21/22 is being used with the National Semicon-
ductor DP8500 Raster Graphics Processor (RGP). If the
DP8520/21/22 is being used in a graphics frame buffer ap-
plication, it has the ability to support a VRAM transfer cycle
during active video time (ex. mid scan line). This is one of
the very attractive features supported by the National Semi-
conductor Advanced Graphics chip set. Most of the com-
mercial graphics controller chip sets available will only sup-
port VRAM transfer cycles during blanking periods (while
the VRAM is in standby mode).
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17.0 DP8520/21/22 Video RAM Support (ontinued)

The DP8520/21/22 supports VRAM transfer cycles during
active video time by being able to guarantee an exact in-
stant during which the transfer of VRAM data to the VRAM
shift register will occur. This exact instant can be guaran-
teed through the AVSRLRQ and VSRL inputs.

The input AVSRLRQ disables any further internally or exter-
nally requested refreshes or Port B access requests from
being executed. The AVSRLRQ input does this by making
the VRAM controller arbitration logic think that a Port A ac-
cess is in progress from the point where the AVSRLRQ in-
put goes low until the VRAM shift register load operation is
completed. Figure 50 shows the case of an externally re-
quested refresh being disabled, because of a previous
AVSRLRQ, until the VRAM shift register load has been
completed.

The VSRL input causes the DT/OE output to transition low
immediately, regardless of what else may be happening in
the DP8520/21/22 (see Figures 49 and 50). Therefors, it is
the system designer’s responsibility to guarantee that all
pending accesses have been completed by the time the
VSRL input transitions low. The system designer can guar-
antee this by issuing AVSRLRQ far enough in advance to
guarantee that all pending accesses have been completed
by the time VSRL transitions low.

Generally, the VSRL is the status of the upcoming access
cycle (of the graphics processor). Therefore, this input pre-
cedes the inputs ADS and AREQ that execute the VRAM
shift register load transfer cycle. This sequence of events
guarantees the correct relationship of DT/OE, RAS and
CAS (DT preceding RAS and CAS when transitioning low

19.0 Absolute Maximum Ratings*

If Military/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for avallability and specifications.

Temperature Under Bias 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C

All Input or Output Voltage with
Respect to GND

Power Dissipation @ 20 MHz
ESD rating to be determined.

—0.5Vto +7V
0.5W

and high). The wait logic is intimately connected to the
graphics functions on the DP8520/21/22. Wait states are
inserted into the VRAM transfer cycle until VSRL transitions
high or until four rising clock (CLK) edges from VSRL going
low, whichever occurs first. The DT output functions the
same way. In other words, DT goes low when VSRL goes
low, and stays low until VSRL goes high, or until four rising
clock edges from VSRL going low, whichever happens first.
This allows DT to transition high before RAS and CAS tran-
sition high, thus guaranteeing the correct timing relationship
during the transfer cycle (see Figure 50). The WE input of
the VRAM determines whether the access is a read or write
transfer cycle.

17.2 SUPPORT FOR VRAM ACCESS CYCLES THROUGH
PORT A USING THE DP8520/21/22

During read and write accesses the DT/OE output will be
held high. See Appendix (section 22) number 3 for more
information.

During a transfer cycle (VSRL low during the access) WIN is
disabled from affecting the DT/OE logic until the transfer
cycle is completed as shown by CAS transitioning high.

18.0 Test Mode

The error scrubbing during refresh mode cannot be used
with the staggered refresh mode. This particular combina-
tion of modes is used as a test mode of the DP8520/21/22.
It divides the 24 bit refresh counter into a 13-bit and an 11-
bit counter. During refreshes both counters are increment-
ed. This is done to reduce test time.

Note: Absolute maximum ratings indicate limits beyond
which permanent damage may occur. Continuous operation
at these limits is not intended; operation should be limited to
those condiitions specified under DC Electrical Characteris-
tics.

20.0 DC Electrical Characteristics™ 14 = 0° to +70°, Voo = 5V £10%, GND = ov

Symbol Characteristics Conditions ‘Min Typ Max Units
ViH Logical 1 Input Voltage Tested with a Limited Functional Pattern 2.0 Voo + 0.5 \
Vi Logical O Input Voltage Tested with a Limited Functional Pattern ~-0.5 0.8 v
VoH1 Q and DT/OE Qutputs lo = —10mA Vee — 1.0 v
VoL1 Q and DT/OE Outputs loL = 10 mA 0.5 v
VoH2 All Outputs Except Qg, DT/OE | oy = — 3mA Vee — 1.0 v
VoLz All Outputs Except Qg, DT/OE | loL = 3mA 0.5 v
N input Leakage Current ViN = Vg or GND +10 pA
liLmL ML Input Current (Low) ViN = GND 200 pA
lcct Quiescent Current CLK at 20 MHz (Inputs Inactive) 10 mA
lecz Supply Current CLK at 20 MHz (Inputs Active, Io. = 0 mA) 20 mA
CiN Input Capacitance finat 1 MHz 10 pF

*These are preliminary specifications
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DP8520/DP8521/DP8522

21.0 Preliminary Switching Characteristics: DP8520/21/22

Unless otherwise stated Voo = 5.0V £10%, 0 < Ta < 70°C, the output load capacitance is typical for 4 banks of 18 VRAMs
per bank, including trace capacitance.

Load Capacitance = DT/OE, Q0-Q10, CL = 380 pF; RAS0-3, CAS0-3, C_ = 125 pF; all other outputs, C| = 50 pF. See
Figures 51, 52 and 54. Maximum propagation delays are specified with all outputs switching simultaneously.

Number Symbol Access Parameter l Min T Max l Units
ACCESS MODE 0 SWITCHING CHARACTERISTICS
Al tSCSCK CS Setup to CLK (Rising Edge) 15 ) ns
A2 tSADSCKNL ADS High Setup to CLK (Rising Edge), Not Using the On-Chip 20
Address Latches ns
A3 tSADSCKL ADS High Setup to CLK (Rising Edge), if Using the On-Chip 45
Address Latches ns
A4 tWADS ADS Pulse Width, to Start an Access, or to Latch the Input 15
Address ns
A5 tSBADDCK Bank Address (B0,1) Setup to CLK (Rising Edge) that Initiates
BAG 25 ns
RASNn
A6 tSADDCK Access Mode 0 Row/Column Address Setup to CLK (Rising 15
Edge) that Initiates RASn ns
A7 tPCKRL CLK (Rising Edge) to RAS Low 35 ns
A8 tPCKCL CLK (Rising Edge) to CAS Low (with tASC = 0, tRAH = 15 ns) 95 ns
A9 tHCKADSO CLK Rising Edge to ADS High to Guarantee Correct Refresh/ 3
Access Arbitration ns
ACCESS MODE 1 SWITCHING CHARACTERISTICS
B1 tSADSCK ADS Low to CLK (Rising Edge) Setup Time 15 ns
B2 tSCSADS CS to ADS Low Setup Time 5 ns
B3 tPADSRL ADS Low to RAS Low During an Access 40 ns
B4 tPADSCL ADS Low to CAS Low During an Access 100 ns
B5 tSADDADS Address Setup to ADS Low During an Access 10 ns
B6 tHADDADS Address Hold from ADS Low During an Access, if Using the On- 20
Chip Latches ns
B7 tHCKADS1 CLK Rising Edge to ADS Low to Guarantee Correct Refresh/ 5
Access Arbitration ns
B8 tSWADS “|  WAITIN Low Setup to ADS Low
B9 tSADSCKW ADS Low Setup to CLK Rising Edge to Guarantee Correct 36
Functioning of the WAIT/DTACK Logic ns
COMMON SWITCHING CHARACTERISTICS
C1 tPENCH,L - ECASO0-1 High or Low to CAS High or Low 40 ns
C3 tPCINCQ COLINC High to Q's Output Column Address Incremented 55 ns
C4 tSCINEN COLINC High Setup to ECAS0-1 Low to Guarantee Q's Output 05
Column Address is Valid 0 ns before CAS0-3 Transitions Low ns
C5 tPAQ Address Input to Q's Outputs Valid 45 ns
Cé tPADSWL ADS to WAIT Low (Programmed as WAIT) 57 ns
Cc7 tPCLKWH CLK to WAIT High (Programmed as WAIT) 46 ns
c8 tPCLKDL CLK to WAIT Low (Programmed as DTACK) 43 ns
Cc9 tPAREQDH AREQ to WAIT High (Programmed as DTACK) 40 ns
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21.0 Preliminary Switching Characteristics: DP8520/21/22

Unless otherwise stated Voo = 5.0V £10%, 0 < Ta < 70°C, the output load capacitance is typical for 4 banks of 18 VRAMs
per bank, including trace capacitance.

Load Capacitance = DT/OE, Q0-Q10, CL = 380 pF; RAS0~3, CAS0-3, C_ = 125 pF; all other outputs, C_ = 50 pF. See
Figures 51, 52 and 54. Maximum propagation delays are specified with all outputs switching simultaneously. (Continued)

2258d0/1258d0/0258dA

Number T Symbol J Access Parameter ] Min l Max l Units
COMMON SWITCHING CHARACTERISTICS (Continued)

C10 tPADSD ADS Low to WAIT Low (Programmed as DTACK 0T from RAS), 44

ADS May Be Tied to AREG ns
Ci1 tPCKG CLK (Rising Edge) to GRANTB Valid * 35 ns
C12 tSADDCK Address Setup to CLK (Rising Edge) that Initiates RASn when 0

Using the DP8522 in a Dual Access Application ns
C13 tSARQCK1 AREQ High Setup to CLK Rising Edge (One Period of RAS

Precharge Programmed, this Guarantees that the First CLK 50 ns

Rising Edge is Seen as One Period of Precharge)
C13 tSARQCK2 AREQ High Setup to CLK Rising Edge (Two or Three Periods of

RAS Precharge Programmed, this Guarantees that the First CLK 35 ns

Rising Edge is Seen as One Period of Precharge)
C14 tHMLADD ML High to Mode Addresses Allowed to Change 10 ns
C15 tHRASWE RAS Low to WIN Low to Guarantee CASn is Held High for a

Write Access (Where the Chip is Programmed to Hold CASn 10 ns

High Until the Next Rising CLK Edge)
Cc16 tSWCK WAITIN Low Setup to CLK Rising Edge (to Guarantee Adding 6

Extra Wait States) ns
C17 tSLOCKCK LOCK Low Setup to CLK Rising Edge (to Guarantee Locking the 0 n

Current Port) s
Cci8 tPCKRAS CLK Rising Edge (after Completion of Precharge Time) to RASNn

Low 35 ns
C19 tPARQCAS1 AREQ High to CASn High (During INTERLEAVED Mode) 48 ns
C20 tPARQCAS2 AREQ High to CASn High (During NONINTERLEAVED Mode) 54 ns
c21 tPRASCAS1 RASn to CASn (tRAH = 15 ns, tASC = 0 ns) 60 ns
c22 tPRASCAS2 RASN to CASn (tRAH = 15 ns, tASC = 10 ns) 70 ns
ca3 tPRASCAS3 RASN to CASn (tRAH = 25 ns, tASC = 0 ns) 70 ns
C24 tPRASCAS4 RASN to CASn (tRAH = 25 ns, tASC = 10 ns) 80 ns
C25 tPARQRAS AREQ High to RASn High 50 ns
C26 tD1 Difference Between Access RASn High (from AREQ High) to

Refresh RASn Low (from CLK Rising Edge) During the Access/

Refresh Precharge Time (tPARQRAS-tPCKRAS) !
Gc27 tD2 Difference Between Refresh RASn High (from CLK Rising Edge)

to Access RASn Low (from CLK Rising Edge for both Access

Mode 0 and 1) During the Refresh/Access Precharge Time

(tPCKRFASH-tPCKRAS)
c28 tD3 Difference Between Access RASN High (from AREQ High) to

Access Port B RASn Low (from CLK Rising Edge) During Port A

to Port B Precharge Time (tPARQRAS-tPCKRASB)
C29 tD4 Difference Between Port B Access RASn High (from AREQB

High) to Access Port A RASn Low (from CLK Rising Edge)

During Port B to Port A Precharge Time (tPARQRASH-

tPCKRAS)

1-177



DP8520/DP8521/DP8522

21.0 Preliminary Switching Characteristics: DP8520/21/22

Unless otherwise stated Voo = 5.0V £10%, 0 < Ta < 70°C, the output load capacitance is typical for 4 banks of 18 VRAMs
per bank, including trace capacitance.

Load Capacitance = DT/OE, Q0-Q10, CL = 380 pF; RAS0-3, CAS0~3, C_ = 125 pF; all other outputs, C| = 50 pF. See
Figures 51, 52 and 54. Maximum propagation delays are specified with all outputs switching simultaneously. (Continued)

Number r Symbol T Access Parameter | Min l Max | Units
COMMON SWITCHING CHARACTERISTICS (Continued) .
C30 tD5 Difference Between Refresh RASn Low (from CLK Rising Edge)
to Refresh RASn High (from CLK Rising Edge) During Refresh
Precharge Time (tPCKRFRASL-tPCKRFRASH)
C31 tD6 Difference Between Access RASN High (from (AREQ high) to
Access RASn Low (from ADS Low ) for Access Mode 1 10 ns
(tPARQRAS-tPADSRL)
C32 tD7 Difference Between Access RASn High (from AREQ High) to
Access RASn Low (from Rising Clock Edge) for Access Mode 0 10 ns
(tPARQRAS-tPCKRL)
PORT B SWITCHING CHARACTERISTICS
D1 tHCKARQB CLK Rising Edge to AREQB Low to Guarantee Correct Refresh/ 2 n
Port B Access Arbitration S
D2 tSARQBCK AREQB Low Setup to CLK Rising Edge to Guarantee Correct 6 n
Port A/Port B Arbitration S
D3 tPCKRASB CLK Rising Edge to RAS Valid for Pending Port B Access after 50
GRANTB ns
D4 tPARQBRASL AREQB Low to RAS Low for Port B 50 ns
D5 tPARQBRASH AREQB High to RAS High for Port B 50 ns
D6 tPARQBATKB AREQB Low to ATACKB Low for Port B 50 ns
D7 tPCKATKB CLK Rising Edge to ATACKB Low for Port B Access that has 50 n
been Pending s
REFRESH SWITCHING CHARACTERISTICS
E1 tSRFCK RFSH Low Setup to CLK Rising Edge 20 ns
E2 tSDRFCK DISRFSH Low Setup to CLK Rising Edge 20 ns
E3 tSCINCCK1 EXTENDRFSH High Setup to CLK Rising Edge (to Extend RASn 15 n
During Refresh) S
E4 tSCINCCK2 EXTENDRFSH Low Setup to CLK Rising Edge (to End RASn 15 ns
During Refresh)
ES tPCKRFL CLK Rising Edge to RFIP Low (Refresh Starting) 45 ns
E6 tPARQRF AREQ High to RFIP Low (for Pending Refresh During Access) 65 ns
E7 tPCKRFH CLK Rising Edge to RFIP High (Refresh Ending) 55 ns
E8 tPCKRFRASH CLK Rising Edge to Refresh RAS Ending 40 ns
E9 tPCKRFRASL CLK Rising Edge to Refresh RAS Starting 35 ns
E10 tPARQAD AREQ High to RFSH Address Valid for a Pending Refresh 58 ns
GRAPHICS SWITCHING CHARACTERISTICS
F1 tSCKVSRL VSRL Low Setup to CLK Rising Edge to Guarantee Counting
VSRL as Being Low (Used to Determine When to End Graphics 15 ns
Shift Load Access)
F2 tHVSRLCK VSRL Low from CiLK Rising Edge (to Guarantee VSRL Is Not 6 ns
Counted as Being Low until the Next Rising Clock Edge)
F3 tSCKAVSRL AVSRLRQ Low before CLK Rising Edge to Guarantee Locking 15 ns
the VRAM to Only Port A Accesses
F4 tPVSRLDT VSRL Low to DT Low During Graphics Shift Register Load a5 ns
Access
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21.0 Preliminary Switching Characteristics: DP8520/21/22 (Continued)

Access Mode 0
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FIGURE 51. Access Mode 0, Noninterleaved, Timing Diagram

Access Mode 1, Interleaved, Using Latches
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DP8520/DP8521/DP8522

21.0 Preliminary Switching Characteristics: DP8520/21/22 (Continued)
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22.0 Appendix: Differences between the DP8520/21/22 and the
DP8520A/21A/22A and How the User Can Guarantee

Compatibility between These Parts in His Design
2) Another mode may be added to the DP8520A/21A/22A.

1) The DP8520A/21A/22A will allow the user to extend
CASn beyond RASn. CASnh can be extended up to the
next rising system clock after RASn transitions high, in
the NONINTERLEAVED MODE, by holding ECASn low
after RASn transitioned high. This is useful in systems
where it would normally be difficult to guarantee RAS pre-
charge time, such as in consecutive accesses to the
same bank, without inserting extra wait states in each
access. By ending RASn earlier in the access, and allow-
ing CASn to hold the data valid (in a read access cycle),
up to an extra system clock period of RAS precharge
time can be gained in consecutive accesses to the same
memory bank (same RAS).

In the DP8520/21/22 the RASN output transitioning high
ended CASn.

Since CASn can be extended up to one system clock
period (next rising system clock) after RASn transitions
high (DP8520A/21A/22A), the user should make sure
that CASn will not be low when RASh transitions low for
the next access. This would cause a CAS before RAS
refresh in most VRAMSs. Besides this potential problem,
holding the ECASn inputs low after RASn transitions high
will not cause compatibility problems in most systems.

Another way to guarantee compatibility between the two
versions of the DP8520/21/22 is to gate access request
with the ECASn input logic. In this way the ECASn inputs
will only be low during an access, allowing the CASn out-
puts to be low only while RASn is low for the access.

DT/0F

This mode will be programmed if the ECASO input is high
during mode load.

To remain compatible with the DP8520/21/22 the user
should hold ECASO low during mode load.

3) The DP8520A/21A/22A will provide full support for

VRAMs. The DP8520/21/22 did provide support for
VRAMs in terms of bringing DT/OE low during the VRAM
shift register load, but it did not bring DT/OE low during
VRAM read accesses, therefore it was necessary to ex-
ternally bring DT/OE low during read accesses (see Fig-
ure below).

In the DP8520A/21A/22A, the DT/OE output will stay
high during write accesses. During read accesses, this
output will transition low after CASn goes low and will
transition high when CASn goes high, causing the VRAM
outputs to be enabled. If CASn toggles during a page
mode read access, then the DT/OE output will also tog-
gle following CASn. Figures 47 and 50 show the timing of
DT/OE in a VRAM read access when using the
DP8520A/21A/22A.

If the circuitry below is used, the DP8520A/21A/22A is
completely compatible with the DP8520/21/22 in terms
of how DT/OE functions.

DP8520/21/22

__'cTsIo-s
[

ot

DT/ OE

TL/F/9338-62
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DP8530

National
Semiconductor

DP8530 Clock Generator

General Description

The DP8530 is a clock generator intended for use in medi-
um-performance CRT graphics systems. The device gener-
ates both ECL and TTL pixel and load clocks from a single
crystal resonator using digital phase locked loop (PLL) tech-
niques. The L counter inputs allow the pixel clock to be
divided by 4 to 32 in increments of 4 to drive the LCLK. The
S counter inputs allow the system clock (XOUT) to run up to
four times the LCLK. Both free-running and gated (by ENIN)
LCLK outputs are available.

PRELIMINARY

Features

m On-chip crystal oscillator and phase-locked-loop gener-
ate TTL and ECL PCLK and LCLK outputs

m 125 MHz ECL differential output pixel clock (PCLK)

B Gated TTL and ECL load clock (LCLK) outputs

m Pixel clock to load clock divide ratios from 4 to 32 in
increments of 4

Block Diagram Numbers in parentheses indicate pin numbers

XTLB (13) O—P
XTLC(14) O—P

XoUT(17) 0—4-4

: —0 CPO(10)
) S PH DET
50,51(16,15) 07| e | OPAMP (11)
CHG PMP 3
7y ! 7 O L0-L2(9,8,12)
N 4=0 VC01 ()
LCLKO (24) o—< o [ veo 10020)
VCCO (21) O——— !
GNDO(20) O—— ¥ ¥
veCt (18) o= | LCLK TIMING
oND1 (18) © AND CONTROL A
VCC2 (4) O——m
6ND2 (5, 22) O—— ﬁ
VCC3(3) O

LCLK2 LCLK2 LCLK1 ENIN PCLK2 PCLK2 PCLK1

(27) (28)

(25) (26)

Mm@ @

TL/F/9328-1
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Connection Diagram

0€58dd

EECETE
SLRIRSIS3Z
I T T T I |
7/ 4 3 2 1 28 27 26
GND2 —{5 25 = LCLK1
vco1—6 24 = LCLKO
vco2—{7 23 | PCLK1
Li—s 22 |~ oND2
Lo—9 21|~ veeo
cPo—{10 20 |- GNDo
OPAMP — 11 19 |~ GND1
12 13 14 15 16 17 18
TITTTTT
(72}
EE”"”°38
TL/F/9328-2
Order Number DP8530

See NS Package Number V28A

Pin Descriptions

1, 2, 23—PCLK2, PCLK2, PCLK1: Differential ECL and TTL
compatible pixel clock outputs driven by the VCO (ECL out-
puts are 10k and 100k ECL compatible).

3—VCC3: ECL output buffer positive power supply.
4—VCC2: ECL internal logic positive power supply.

5, 22—GND2: ECL negative power supply.

6, 7—VCO1, VCO2: External tank circuit connections for
the Pierce VCO.

8, 9, 12—L1, LO, L2: A three-bit word input used to select
the L Counter modulus. Any modulus from 4 to 32 may be
selected in increments of 4. LO is the least significant bit.
10-~CPO: Charge pump output. Used in conjunction with
OPAMP to form the external loop filter.

11—OPAMP: Op amp output of the loop. This output is
used to control the pixel clock frequency via the varactor
diode in the LC tank circuit.

13, 14—XTLB, XTLC: External connections for the Pierce
crystal oscillator.

15, 16—51, SO: Two-bit word that determines the S Counter
modulus. SO is the least significant bit.

17—XO0UT: MOS output generated from XTLB, XTLC.
18—VCC1: TTL output buffer supply. Specified for 5V
+10% operation.

19—GND1: TTL output buffer supply return.

20—GNDO: TTL logic power supply return.

21—VCCO: TTL logic positive power supply. Specified for
5V +10% operation.

24—LCLKO: TTL load clock output. Also is connected to an
input of the phase comparator.

25—LCLK1: Gated load clock output.

26—ENIN: TTL compatible video enable input. A high on
this input starts LCLK1 and LCLK2 on the next positive tran-
sition of LCLKO.

27, 28—LCLK2, LCLK2: ECL compatible load clock.

1-183




DP8530

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, ECL Signals
contact the National Semiconductor Sales Office/ Output Current —-50 mA
Distributors for availability and specifications. ESD rating is to be determined.
Storage Temperature —65°Cto +150°C
TTL Signals
Inputs 7.0V
Outputs 7.0V
Recommended Operating Conditions (Notes 1,2, 3, 4,5)
Symbol Parameter Min Typ Max Units
VCCO, 1 to GNDO, 1 TTL Power Supply 4.5 5.5 \
VCC2, 3 to GND2 ECL Power Supply Mode 1 4.5 5.5 v
Mode 2 4.2 5.7
VIH High Level Input Voltage, TTL Inputs 2 \
Vi Low Level Input Voltage, TTL Inputs 0.8 v
loH High Level Output Current, TTL Outputs —-0.4 mA
High Level Output Current, MOS Outputs -2
loL Low Level Output Current, TTL Outputs 8 mA
Low Level Output Current, MOS Outputs 20
Fpewk Pixel Clock Frequency TTL 80 MHz
ECL 125
FxTL Crystal Frequency 20 MHz
Tsu1 Setup Time ENIN to LCLKO 20 ns
TH1 Hold Time LCLKO to ENIN 0 ns
TAMBIENT Operating Temp Range 0 70 °C
Note 1: See timing waveforms for relevant signal edges (positive or negative) from which all setup and hold time measurements are made.
Note 2: TTL inputs—ENIN, S0, S1.
Note 3: TTL outputs—XOUT, LCLKO, ENOUT1, 2.
Note 4: Inputs LO, L1, L2 designed to be tied to VCC2, 3 for high level or tied to GND2 (or left open) for low level. See input schematics.
Note 5: Mode 1: GND2 = 0V;
Mode 2: VCC2 = 0V.
DC Electrical Characteristics
Symbol| Parameter Conditions Min Typ Max Units
Vic Input Clamp VCCO, 1 = 4.5V, Iy = —18mA
-1.5 "
Voltage
VoH Output High TTL Outputs lon = —400 pA VCC0,1 —2
Voltage VOCO,1 =45V |MosOutputs | low = —100 kA | VOCO,1 — 0.3 v
loy = —2mA VCCO,1 —2
VCC2,3 = 0V |ECL Outputs loH = —24mA VCC2,3 — 1045 VCC2,3 — 880 | mV
GND2 = —4.2V |OPAMP Output lon= —1mA VCC2,3 — 1.2 \
VoL Output Low TTL Outputs loL = 8mA 0.5
Voltage - =
VCCO, 1 = 45V MOS Outputs loL = 100 pA 0.3 \'
loL = 20 mA 0.5
VCC2,3 = 0V |ECL Outputs loL= —5mA VCC2,3 — 1810 VCC2,3 — 1490 mV
GND2 = — 4.2V| OPAMP Output loL=1mA GND2 + 0.4 \
I Max High Level | VCCO, 1 = 5.5V |TTL Inputs ViN=T7V
100 pA
Input Current
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DC Electrical Characteristics (Continued)

0€58dd

Symbol Parameter Conditions Min Typ Max | Units
IIH High Level VCCO,1 = 5.5V  TTLInputs ViN =27V
20 pA
Input Current
i Low Level VCCO0,1 = 6.5V  TTL Inputs ViN = 0.4V —200 A
Input Current
lo Output Drive VCCO,1 = 5,5V TTL Outputs Vout = 2.25V —30 —110 | ma
Current
lcro Charge Pump | VCC2 = 0V Source -02| -05) —1.0 mA
Current Sink 02 | 05 | 10 | ma
TRI-STATE® -10 0 10 nA
lcc Supply Current | VCCO, 1 = 5.5V, GNDO, 1 = 0V 22 28
VCC2,3 = 5.5V, GND2 = 0V 95 140
VCC2,3 = oV GND2 = —5.7V 10k ECL range 95 140 mA
GND2 = —4.8V 100k ECL Range 85 120

AC Electrical Characteristics

Symbol Parameter Conditions Min Typ Max Units

Fmax Max PCLK Freq ECL 125 MHz
TTL 80

Fmax Max XTL Freq 20 MHz

T LCLK1 to PCLK1 4 ns

T2 LCLK2 to PCLK2 2 s

Ticiks LCLKO to LCLK1 _5 0

TLCLK2 LCLKO to LCLK2 —10 -5

Timing Diagram
Pcu(z_/ \ / )K / ‘\ / )L / \_

T\ N\ A\ T\ A\

PCLKY J_\ /_ -5( j—\ j_ \( j—\_

T b—— T2 J_

LCLK2

TLCLKy—=] —| T,
LIz
n L— T1—=]
LCLK1 nE
TLCLK —] TLCLKy —=
LCLKO _______;l X

TL/F/9328-3
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Circuit Operation

The heart of the DP8530 Video Clock Generator is a crystal
oscillator which is used as a frequency reference to gener-
ate several clock signals required in a video display system.
Among the clocks generated are the ECL load and pixel
clocks (LCLK2 and PCLK2) for high speed video shift regis-
ter parallel load and shift operations, and TTL load clocks
(LCLKO and LCLK1) for moving DRAM data to the video
shift registers. The LCLK and PCLK outputs are all internally
synchronized in order to simplify system timing.

The LCLK and PCLK outputs are generated using a digital
phase locked loop as shown in Figure 1.

s
vexo - > sour
COUNTER
PHASE
—> COMP
—>
veo
LCLKO =
L
] <+—>> pCIK
COUNTER | .

TL/F/9328-4
FIGURE 1. PLL Block Diagram

The loop consists of the S and L counters, a phase compar-
ator, and a voltage controlled oscillator (VCO) with the rela-
tionship between these elements in the loop defined as:

VCXO X L
S

where PCLK is the pixel clock frequency, L is the L Counter
modulus, and S is the S Counter modulus. When the fre-
quency of the VCO (PCLK) in the phase locked loop is sta-
ble the inputs to the phase detector are in phase; thus the S
Counter and L Counter outputs are identical in both phase
and frequency. The crystal oscillator ensures that the phase
and frequency of the S Counter output remain constant. Any
drift, or change in frequency, of the VCO will be divided
down and appear as a shift in phase at the L Counter out-

PCLK =

LCLk2

put. The phase detector will sense this error and generate a
correction voltage for the VCO input which is proportional to
the magnitude of the frequency error. This correction volt-
age will change the VCO frequency to eliminate the error
thus keeping the loop locked.

The presence of the S Counter in the loop enables the
graphics processor to operate at full speed independent of
PCLK frequency. The video shift register's parallel data
width determines the L Counter modulus. An 8-bit parallel
shift register would use an L Counter modulus of 8 so that a
parallel load pulse occurs once every 8 pixel clocks. The L
Counter output is used to derive the three LCLK outputs.
The ECL LCLK2 output is used in conjunction with the
PCLK2 output to load data into a high-speed video shift reg-
ister. The PCLK2 provides the clock and LCLK2 provides
the load signal for the shift register.

The other two LCLK outputs (LCLKO, LCLK1) are TTL out-
puts. They can be used to control a selection of different
DRAMs/video shift register configurations as shown in the
typical system architecture section which follows.

The S Counter can be programmed to divide by any integer
up to 4 and the L Counter can be programmed for any word
width from 4 bits to 32 bits in increments of 4. Table | shows
some of the frequencies possible using various values for
the S-modulus with an L-modulus of 8.

TABLE I. Partial Table of PCLK Frequencies

s 8-Bit Word (L = 8)
MOD PCLK Frequency
XTL = 10 MHz
1 80.0 MHz
2 40.0 MHz
3 26.7 MHz
4 20.0 MHz

Figure 2 demonstrates the configuration and the resultant
waveforms with a DP8530 driving a video shift register and
a DRAM.

DRAM

DATA

PL

vC6

v

VSR

PCLK2

CK

e TUTULTLTULUMIIUULILULALIRI U
LCLK2 —]_—-'_——‘——

FIGURE 2. System Configuration and LCLK Waveforms Using DRAM
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Loop Filter Calculations

Several constraints need to be known in order to determine
the loop filter components. They are the loop divide ratio
(N), the phase detector gain (Kp), the VCO gain (Ko), the
loop bandwidth (W), and the phase margin (¢).

The constant Ky is fixed at 80 pA/rad for the DP8530. N is
the L counter modulus for the loop. A 60° phase margin is
recommended, however the equations allow other values to
be used if desired.

The oscillator gain constant Ko can be obtained from Table
Il or obtained experimentally. This is done by driving R2, the
resistor which normally connects the varactor to the
OPAMP OQUTPUT, with an external power supply. Set the
supply to GND2 + 3V and note the PCLK frequency. Next,
set the supply to GND2 + 2V and note the frequency again.
The difference in these two frequencies (times 27 to con-
vert to radians) is Ko. For optimum performance the desired
PCLK frequency should be somewhere between the two fre-
quencies measured above. This may require adjustment of
the coil.

Before choosing a value for Wy one fact should be pointed
out: R2 and C3 (the coupling capacitor between the coil and
the varactor) form a low pass filter. Thus the loop bandwidth
must be chosen to be less than the cutoff frequency of this
filter. We recommend a value of 100 Hz to 3 KHz (times 27)
for Wo.

Having determined all these constants the following equa-
tions are used to find the component values:

* R1 = (1.08 N W)/ (Kp Ko)

® C1 = (3.46 Kp Ko)/(N Wg2)

e C2 = (0.27 Kp Ko)/(N Wg2)

To use a phase margin of other than 60° use the following:
* R1 = (N Wo/2 K, Ko) (cosec 0 + 1)

* C1 = (2 Kp Ko/N Wp?) (tan 0)

* C2 = (K, Ko/N Wg?) (sec 0-tan 0)

For example: design a system with the following character-
istics:

* 1560 pixels per line (2000 pixels including retrace)
* 8 bit wide video data
® 10 MHz processor rate

The PCLK frequency will be 10 MHz X 8 bits = 80 MHz.
The components in Table Il will be used. Note that Kg is
19 Mrad/Volt. Because it is an 8-bit wide system the L coun-
ter modulus must be 8. By choosing Wq to be 2800 Hz
(times 27r) the equations give:

¢ R1 = 1000

® C1 =20uF

e C2 = 0.17 pF (0.2 pF may be used)

TABLE I
Recommended VCO Components

R2
27k0
- - AAA
\AAS
0P2
vco1
£ _ 1
veo 2m \L.CroT veoz|

CA
e |

1

1 1
—_— —
CA ~ CvaRAcTOR

- Cror =
A VARACTOR

TL/F/9328-8

0€58da

Frequency L Toko CA CVARACTOR Ko
(MHz) uH Part # pF pF Motorola # Mrad/volt

60 0.258 E502HNS-6000026 56 30 MV209 16

80 0.17 E502HNS-4000024 39 30 MV209 19

100 0.12 E502HNS-3000023 30 30 MV209 21

120 0.07 E502HNS-2000022 39 30 MV209 31

1-187



DP8530

Input Schematics

~ Vec2

AAA
v

3 3.6k <

vC02

GND2

FIGURE 3. VCO Inputs

TL/F/9328-9

<
Z4ka

<

vcc2

vcecz -
200mvY

FIGURE 5. L Inputs

GND2
TL/F/9328-11

vcco

0k 2
< <

\ 4
~AAA
\ 4

GND1 GNDO
TL/F/9328-10
FIGURE 4. TTL Inputs

vcco

GND1 GNDO
TL/F/9328-12
FIGURE 6. S Inputs

TL/F/9328-13

FIGURE 7. Typlcal ESD Circuit

1-188




(@)
o 0
Output Schematics veet ?
vCe2 8
<
b3 3260
OPAMP
<b
| :
GND2 l:
TL/F/9328-14 -
FIGURE 8. Op Amp Output
GND1

TL/F/9328-15
FIGURE 9. TTL Outputs

CPO

vees vee2 D
vcc2

10ko

GND2
FIGURE 10. ECL Outputs

TL/F/9328-16

GND2
TL/F/9328-17
FIGURE 11. Charge Pump Output/Op Amp Input

Single Power Supply Operation Dual Power Supply Operation

T VCCO VCC1  VCC2  VCC3 VCCO VCC1 VCC2  VCC3

;05 . L uF DP8530 DP8530
+5.. [~

REGULATOR GNDO GNDI GND2 GND2 GNDO _ GND1__GND2__ GND2

REGULATOR

TL/F/9328-6
TL/F/9328-7

1-189



DP8530

Typical Application
c2y) _ 27k
0.01 ur ! MAAEE
J o 2700
1 ;lF“ R1 r
OPAMP PO 500 pF
XTLC Veot
10MHz DP8530 0.07 uH
XTLB Vco2 Wv209
SO St W U 12 X
= =39pF
68pF
oo VCeo, 1
P G6NDO, 1] veez, 3
I N,
D2
PCLK = 80 MHz
L= +16

Split Supply Mods

TL/F/9328-18

1-190




Section 2
Application Notes




Section 2 Contents

AN-451 An Architectural Solution for High Performance Graphics . ........covvvivvnninenn. 2-3
AN-547 Interfacing the DP8500 Raster Graphics Processor .........c.covivviiieinnnnnnn... 2-11
AN-391 The LM1823 A High Quality TV Video IF Amplifier and Synchronous Detector for

Cable RECEIVEIS ..ttt e e e e e e 2-26




An Architectural Solution
For High Performance
Graphics

INTRODUCTION

Computer graphics is one of today’s fastest growing market
segments. The fundamental reason for this dramatic growth
relates directly to the productivity improvement that a graph-
ic representation can give to nearly all problems in the engi-
neering, scientific, business, and consumer market seg-
ments. Nothing does more to ease the “man to computer”
interface data interpretation and presentation problems
than a graphics display and efficient application software.

Penetration of computer graphics into all market segments
has grown especially fast in the past few years since it has
become more affordable. This is due to the decreasing
costs of high quality CRT displays and significant reductions
in the cost of Dynamic RAM. In the near future, high per-
formance graphics support hardware will be more available
in the form of a number of VLSI integrated circuits, further
decreasing the costs of graphics hardware.

Now that more people have a good understanding of the
importance of computer graphics to the productivity of their
job, the demand for higher resolution, faster graphics will
increase significantly. This will be especially true in the engi-
neering, scientific, and business communities. The current
challenge for this generation of graphics hardware is clearly
in the area of affordable, high resolution, fast computer
graphics. Attaining these goals will not only do much to ex-
pand the useage of computer graphics but also expand ap-
plication areas.

GRAPHICS ARCHITECTURE

It is not the purpose of this paper to discuss the varied
aspects of software and hardware computer graphics archi-
tectures. What will be addressed are the problems of hard-
ware architectures in the area of list driven display genera-
tion, manipulation, and screen refresh. Current mono-
chrome graphics hardware architectures generally do not
satisfy the current demands of high performance computer
graphics which include display resolutions of 1000 pixels by
1000 pixels and above, very high speed screen manipula-
tions, and color.

To reinforce the growth of computer graphics, hardware ar-
chitectures must be developed which will support the rapid
growth in display resolution which will occur in the next few
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years. The architectures must allow a high degree of appli-
cation independence yet not require significant changes in
the overhead software interface. The hardware architecture
must be expandable, again avoiding significant software
changes. Finally, the architecture must be implemented in
VLSI for reasons of cost and speed.

This paper will describe a graphics hardware architecture
that meets these criteria.

KEY PERFORMANCE ISSUES

Figure 1 is a block representation of the logical hardware
and software partitioning associated with a typical graphics
system. The left block represents the application interface
and image creation segments. Data mustbe translated from
the database found on disk (or received via communications
networks) to a format which will be meaningful in the CRT
display. At the application level this may involve database
interpretation and translation to and from graphics stan-
dards such as GKS and CORE. But it also involves the final
translation from what is described as the “world space” rep-
resentation to the “normalized” coordinate space associat-
ed with the hardware of the particular graphics systom in
use. This is done with the Main CPU in software or through
hardware acceleration via usage of a number of VLS| inte-
grated circuits on the market.

Once this translation is completed the transfer to the actual
“display” coordinates is usually accomplished through an
instruction list given to a graphics processor linked directly
to the CRT frame buftfer. It is the function of this graphics
processor to offload the main CPU in the creation and ma-
nipulation of the massive amounts of data in the actual bit
map in the frame buffer. Without this block, any large bit
map manipulation would cripple the main CPU in its main
application chores.

The final blocks represent the portion of the graphics sys-
tem which handles the lower level image movements and
manipulations as well as the screen refresh function. High
speed hardware implementations of these blocks with an
architecture that links closely with the graphics processor is
the only way performance can be maintained as display res-
olution increases along with the increasing number of mem-
ory planes for color.

APPLICATION CO~PROCESSOR
INTERFACE - GRAPHICS VIDEO
GKS, CORE, VDI INTERFACE MANIPULATION
|
[ ] I I
apeucaTion |} GRAPHICS (| GRAPHICS § ] screen
cPu —pf APPLICATION £ —pfinsTRUCTION [—] * DATA o
PROCESSOR MOVEMENT
TL/F/8769-1
FIGURE 1

Reprint by permission of Wescon/85%
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We will focus on the performance issues of the last two
major blocks of Figure 1 and factors that will influence.

¢ List Driven Display Generation
e Graphic Data Manipulation and Movement
e Screen Refresh

The technical problems of providing cost effective architec-
tural solutions with present hardware (given the current and
future performance requirements) make these functions
ideal candidates for VLS| integrated circuits.

THE GRAPHICS FRAME BUFFER—
SCREEN REFRESH ARCHITECTURE

To focus on these performance issues requires a good un-
derstanding of the tradeoffs associated with the graphics
frame buffer. Figure 2 is a simplified diagram of a typical
graphics workstation. The graphics controller is shown
closely linked to the memory associated with the CRT
screen display (called the CRT refresh memory or the frame
buffer) and the main CPU with its associated graphics ge-

ometry processing hardware and software. This figure
shows the popular configuration in which a special proces-
sor is allocated to handle graphics functionality thus off
loading the main CPU with respect to fundamental graphics
operations. Those operations are list driven based on a low-
er level graphics software language. We will talk later about
advantages of this and some specific implementations.

The image that is stored in the frame buffer is actually
stored conceptually in three dimensions as shown by the
cube represented in Figure 3. Each pixel on the screen can
be mapped to multiple pixels (in the case of color) contained
within this cube. Access to the data stored in this cube is
necessary for both screen refresh, update, and data manip-
ulation. Ideally, the amount of time available for manipula-
tion should greatly exceed the time required for screen re-
fresh, thus enabling very quick display update and image
movement.

The fundamental graphics tradeoffs involve the need to
maximize CPU or graphics controller access to the frame
buffer while maintaining regular (required) CRT refresh. As
display resolution increases and color becomes more im-
portant these issues become significant factors in the de-
sign and cost of the graphics sub-system.

MAIN MAIN GRAPHICS
CPU(S) MEMORY GEOMETRY
PROCESSING
GRAPHICS iy
CONTROLLER povsig
DISK/ TAPE NETWORK
INTERFACE INTERFACE ochL -
I 1 MEMoRY MOUSE
8 ETHERNET T
TL/F/8769-2
FIGURE 2. Typlcal Graphics Workstation
PIXEL
DEPTH
GRAPHICS ! REFRESH
CONTROLLER DISPLAY CRT H HARDWARE
(COMPUTER HEIGHT m’ (HUMAN
INTERFACE) l INTERFACE)
DISPLAY CRT
T WOH DISPLAY

TL/F/8769-3
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FIGURE 3. Graphics Frame Buffer




oL PARALLEL PARALLEL
XEl VIDEO DATA TO SERIAL
FRAME SHIFT
BUFFER 16
REGISTER
SERIAL
oL VIDEO
ADDRESS
v
GRAPHICS B ear
CONTROLLER TORIZ.
AND
VERT. SYNC

TL/F/8769-4

FIGURE 4. The Graphics Video Loop

Current video rates for medium resolution graphics systems
easily exceed 50 MHz. High resolution systems attain video
rates on the order of 100 to 125 MHz with clear trends to
rates in excess of 125 MHz in the near future. Given these
clock rates, screen refresh has become a significant prob-
lem in the design of the graphics sub-system.

The high video rates have forced a graphics memory organi-
zation for refresh as shown in Figure 4. Since the size of the
frame buffer is large, the desired memory component be-
cause of cost and space is the DRAM. However, the DRAM
does not have access speeds suitable for current high reso-
lution displays. As a result, the screen refresh process is
implemented through a parallel to serial conversion in the
“video loop”. To refresh the screen, the graphics controller
presents a word address to the frame buffer, the resulting
data word (usually 16 pixels) is then converted into a serial
video stream via an external (usually TTL to ECL) shift regis-
ter under the timing and control of the graphics refresh
hardware. Figure 4 shows the implementation for a single
plane system, multiple plane systems would require the
same number of 16 Bit refresh pixel words and parallel to
serial video shift registers as the number of planes.

If the video rate is 100 MHz, this parallel to serial buffering
reduces the need for a parallel word from the frame buffer
to a clock rate of 6.25 MHz if the word is 16 bits wide. This is
still an access time of 160 ns. Given this, it is clear that with
conventional time multiplexed DRAM design, the only time
left for data manipulation and screen update will be during
horizontal and vertical blanking when screen refresh is dis-
abled. With the demands of current graphics end applica-
tions, this is clearly not enough!

A number of frame buffer architectures have been devel-
oped to get around this problem. These include double
frame buffering, dual porting, and making maximum use of
page mode access. The most popular solution to this prob-
lem is the one provided via a new type of DRAM called the
Video DRAM shown in Figure 5. The video DRAM is a con-

256 COLUMNS

256 CONVENTIONAL  fg=———RAS
DRAM
ROWS ARRAY f¢——cCAS
[———> DATA OUT
[€=———DATA IN

ROW X

256-BIT S/R

CLOCK

SERIAL OUT

TL/F/8769-5
FIGURE 5. The Video DRAM

ventional DRAM with a 256 bit shift register on board. This
shift register is connected such that a complete row of
memory cells can be loaded into the shift register at one
time. The shift register has its own output which can be
controlled with separate input lines to the video DRAM. If
you configure the Video DRAM as shown in Figure 6, you
can see we have implemented a dual ported memory. The
left side is configured as a typical DRAM interface. The right
side is configured for screen refresh with the parallel word
being generated from the shift registers of the Video DRAM
(this parallel configuration is still needed since the Video
DRAM shift registers are not able to clock at the full video
rate in high performance systems).

The advantage that this configuration provides is nearly full
time access for screen update and manipulation since only
one load to the shift register is generally needed per scan
line. While the pre-loaded video data is clocked out of the
shift register, random access can occur in the frame buffer
by either the graphics controller or the main CPU.

Many configurations of the Video DRAM are becoming
available with multiple vendors committing to the architec-
ture already in place. It will clearly become the standard
component for building graphics frame buffers. Any new
graphics hardware architecture must be designed to opti-
mize the use of this type of memory component.
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FIGURE 6. Mulitiple Video DRAMs

THE GRAPHICS FRAME BUFFER—
UPDATE/MANIPULATION ARCHITECTURE

We have discussed the preferred frame buffer architecture
with respect to screen refresh. Now we will evaluate the
tradeoffs associated with the update and manipulation side.
The performance issues associated with the graphics proc-
essor or main CPU update or manipulation of the image in
the frame buffer have a major influence on the data and
address configuration of the frame buffer. There are gener-
ally three such configurations—pixel, plane, and mixed.

The pixel architecture is shown in Figure 7. This architecture
is best described as one in which the frame buffer data is
manipulated one pixel at a time. For multiple planes, the
address to the frame buffer generates a data word which is
composed of pixels at the same location across multiple
planes—thus the term “pixel depth”. This is the architecture

PLANE N

PLANE 3 =
PLANE 2
PLANE 1

TL/F/8769-7
FIGURE 7. Pixel Architecture

often found in image processing and solids modeling appli-
cations where the value of each pixel is very computation
intensive due to color value or shading variations. These
applications typically require 16 to 32 memory planes.

In the plane architecture, Figure 8, the frame buffer data is
manipulated one word (usually 16 bits) at a time within each
plane. To change one bit, 15 other bits must be carried
along. Also, since the word boundary of the 16 bits exists, a
barrel shifter is needed if image placement and movement
accuracy is needed down to the actual pixel level. Despite
these disadvantages, in the engineering and business appli-
cation area, the plane architecture is the most popular since
these applications are less pixel computational intensive but
more data creation and image movement intensive. This ar-
chitecture is lower cost and brings with it higher perform-
ance when large bit maps must be manipulated.
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FIGURE 8. Plane Architecture




Where the application has need for both types of architec-
tures, the mixed architecture shown in Figure 9 is imple-
mented. Here, access to the frame buffer can be either at
word width or pixel depth, thus providing the best of both
worlds. In the past, this architecture has been implemented
only in the more expensive of workstations due to the over-
head hardware costs. But, the applications of workstations
that need high speed update along with computation inten-
sive displays is increasing. The time has come for a graph-
ics hardware architecture that can efficiently merge these
two architectures.
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FIGURE 9. Plane and Pixel Architecture

WORD BOUNDARIES AND THE BARREL SHIFTER

In the engineering and business community, the most popu-
lar frame buffer architecture is the plane architecture. But as
the quality of these displays increase, restrictions associat-
ed with the plane architecture word boundary constraints
have limited the flexibility and performance of these sys-
tems. To solve these problems, some of the designs have
switched to the pixel architecture. With the “correct” archi-
tectural solution this switch would have not been necessary.

Figure 10 demonstrates the word boundary problem via a 4
bit word example. This figure demonstrates a “word bound-
ary aligned” translation. The relative pixel locations of the 4
bit word are the same at the destination image as they are in
the source image. Thus the pixels maintain the same align-
ment to the word boundary. This is a simple transfer where
manipulation of the pixel positions in the source word need
not be modified to transfer it to the destination.
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TL/F/8769-10
FIGURE 10. Plane Oriented Translation
(Word Boundary Aligned)

In Figure 11, the source word pixel alignment does not
agree with the desired pixel destination alignment. In this
transfer, the source pixel map is shifted one pixel to the right
in the transfer. This type of control is not available if the
frame buffer is addressed by words. If the frame buffer is
addressed by pixel, then the price paid for overhead access
to do this simple manipulation is significant. A better solu-
tion to this problem is to employ an additional hardware
function called a barrel shifter and maintain word boundary
addressing.
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TL/F/8769-11
FIGURE 11. Plane Oriented Translation (Non-Word

Boundary Aligned)
A simplified diagram of a barrel shifter is shown in Figure 12.
In order to maintain consistency across word boundaries on
a shift like the example in Figure 11, two source words must
be read to create a new shifted destination word. The barrel
shifter solves the fundamental restrictions of the plane ar-
chitecture with respect to exact pixel manipulations. But, if
these manipulations occur within the main CPU or for that
matter in the main graphics processor a new performance
bottle neck may result in multiple plane color systems. The
ultimate performance of such a system is associated with
the speed of the barrel shifter and its location. Ideally, for
maximum performance, you would want a barrel shifter for
each plane.
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FIGURE 12. The Barre! Shifter

BITBLT

Due to the growth of display resolution and the resulting
demand for movement of massive amounts of data, the
need for a lower level graphics operator that well describes
these data movements and manipulations has increased.
The most popular operator or function is BITBLT (for BIT
Boundary BLock Transfer) originally developed at Xerox
PARC (Palo Alto Research Center). This function is also
called Raster Op (short for Raster Operator).

2-7
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Fundamentally, BITBLT is a logical operator which simply
describes the manipulation of rectangular bit maps of any
size. For this reason it should be viewed as a lower level
language for graphics bit maps. Figure 13 is a conceptual
drawing of how BITBLT works.

The block on the right is a source bit map area which can be
outside or within the view area of the frame buffer. On the
left is the destination area generally, though not necessarily,
within the view area of the frame buffer. If the graphics hard-
ware is implemented with BITBLT in mind, a single simple
setup from the main CPU (via an instruction list) can cause
the graphics controller to move massive amounts of data.
The only information needed is the absolute pixel address
of the source and its width and height in pixels, the destina-
tion pixel address, and the clipping rectangle pixel address
with its associated pixel width and height.

Resulting from this single setup, any size bit map can be
moved without intervention from the main CPU. Additionally,
if a barrel shifter is integrated within this operation, the
BITBLT is not bounded by word boundary constraints. Final-
ly, if multiple BITBLT processors and barrel shifters are
used, for example one set per plane, transfers within all
planes can be done in parallel.
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FIGURE 13

If interaction is desired from the source image with the desti-
nation area, logical operations may be implemented within
the BITBLT operation, such as AND, OR, and XOR. To do
this, the source data is first read and barrel shifted to align
with the destination word. The destination word is then read
and the desired operation performed, creating a new desti-
nation word. This word is then transferred to the destination.
This is described by the following equation—

SOURCE OP DESTINATION — DESTINATION

Where OP can be a logical operator such as AND, OR,
XOR, etc.

TL/F/8769-13

BITBLT is particularly well suited for applications where
there is a high mixture of graphics, text, and windowing.
Pop-up menu’s, icons, accelerated filling, fat line drawing,
and high speed text transfer are all functions where BITBLT
provides accelerated solutions.

Clearly, for any architecture to be a good match to high
resolution displays and fast screen update, the main CPU
should not be involved in the simplest of image movement
chores. The main advantage of BITBLT functionality comes
in off loading the main CPU with the detail of the bit map
operations and at the same time adding a powerful function-
al operator.

PREVIOUS SOLUTIONS

Historically, graphics VLS| controllers have not well ad-
dressed the high resolution color applications of modern bit
mapped graphics terminals. As a consequence, much of the
graphics hardware was implemented with bipolar bit slice
processors and random logic, much of which was Schottky
TTL or ECL. The result was a costly high power solution,
difficult to map into future high resolution multiple plane ap-
plications.

A new generation of graphics VLSI integrated circuits will be
introduced during the next year, from a variety of semicon-
ductor vendors. Many of these |.C.’s have been developed
to address the performance problems associated with high
performance bit mapped displays. In nearly all cases, to
make these controllers effective, a graphics hardware archi-
tecture had to be selected. In most cases this has restricted
the performance and applicability of these devices across
the spectrum of graphics applications.

Typically, most of these architectures suffer from inflexibility
in the processor to memory plane interface. Figure 74 is an
example of this problem. Some of these architectures are
designed to directly support 1, 4, or 8 planes of memory.
Transition to more planes requires additional processors.
The result is an associated cost increase in hardware usual-
ly coupled with a degradation of performance due to syn-
chronization problems between processors.

Although performance may be good within the fundamental
bounds of a single processor, the rules significantly change
when the transition is made to multiple processors. Nearly
without exception, this new generation of VLS| components
has the main controller or processor intimately involved with
both frame buffer addressing and data manipulation. This is
where the main limitation exists; when memory plane ex-
pansion occurs, the graphics processor again becomes the
bottle neck to graphics system performance. It matters little
whether this is a BITBLT based architecture with internal
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FIGURE 14. Current Graphics Chips Color Application
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barrel shifters, the common data and address graphics
function is the limitation to expansion and performance.

Many of these new chips begin to address the notion of
parallelism. Operations can occur in different memory
planes at the same time. However, due to pin and architec-
ture limitations, expansion to more planes than supported
by a single processor significantly degrades performance.

OPTIMUM ARCHITECTURE

The only practical way to solve these problems and still
adequately address all the performance issues we have dis-
cussed here is to implement an architecture as shown in
Figure 15.

In this diagram a single graphics processor assumes the
responsibility of address and timing associated with the
graphics frame buffer while maintaining the classical ad-
dress and data interface with the main CPU and processing
functionality with its local program storage memory.

With such a processor, based on a BITBLT architecturs,
frame buffer address operations are its responsibility while
actual data manipulation is the responsibility of the slave
BITBLT data manipulation functions.

The Slave Controller (data manipulator) is a data handling
chip which receives all control from the single main graphics
processor. It is responsible for masking, barrel shifting, and
BITBLT operations associated with its own memory plane.

A separate control bus from the graphics processor passes
all control and setup information to the slave manipulators
in parallel with other control information via the data bus.
Once this initial information is set-up, the main graphics
processor is no longer involved in graphics data manipula-
tion while the graphics function is implemented. The slave
manipulators can be configured via the control and data bus
for the exact destination left and right masking, BITBLT op-
eration, and amount of barrel shift.

Additionally, operations can occur in parailel with all slave
manipulators working within their own plane. When plane to
plane transfers are required, one slave manipulator acts as
the source and any number or combination of slave manipu-
lators act as the destination. Here again, any BITBLT opera-
tion, either within a plane or plane to plane is fully set-up via
a single graphics processor independent of the number of
planes used.

Most importantly, performance is independent of the num-
ber of planes. Operations for 32 planes of BITBLT take the

MAIN
GRAPHICS
CPU

MAIN
CPU

LOCAL
MEMORY
STORAGE

same short time as if only one plane were used since the
architecture is the same. Plane to plane transfers have the
same speed whether you are transferring the image to one
plane or 16 planes!

In summary, in this architecture, the main graphics proces-
sor is concerned with graphics setup and addressing to the
frame buffer during the graphics operation. With a BITBLT
architecture, large data movements, character/text transfer,
and line drawing and filling all exhibit high performance.
Since the processor function occurs only once in the sys-
tem, the higher cost associated with such processors is a
constant and independent of the number of planes.

The more cost effective Slave manipulators are concerned
with the actual data manipulation via control from the main
graphics processor. They are local to each memory plane
frame buffer and fully synchronized by the main processor
for operations within the plane or for plane to plane trans-
fers.

This architecture provides one consistent hardware inter-
face independent of the number of memory planes utilized.
The hardware interface is the same for one plane or 32.
This lends itself to a level of software consistency not found
in any other graphics architecture.

Finally, the level of paralielism in this architecture creates a
consistent growth path for performance. As the number of
frame buffer memory planes is increased, the performance
does not degrade but remains equal to a single plane archi-
tecture. In fact, with proper implementation in VLSI compo-
nents, the true speed limitation of such an architecture is
limited only by the speed of the DRAM used for the frame
buffer.

VLSI IMPLEMENTATION

National Semiconductor Corporation is developing a graph-
ics chip set to match this graphics architecture. The first four
chips in this chip set will be introduced during 1986 and are
shown in Figure 16 for an example of 3 memory planes. The
chip set is fully expandable to any number of memory
planes.

The RGP (Raster Graphics Processor) is the main graphics
processor, the BPU (BITBLT Processing Unit) the slave
data manipulator. The VCG (Video Clock Generator) is a
timing and control generator for the graphics system with
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FIGURE 15. Optimum Solution BITBLT Based
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capability of generating clocks in excess of 150 MHz. The
VSR (Video Shift Register) acts as a parallel to serial con-
verter capable of clock rates in excess of 150 MHz. The
chip set has been designed to support all types of RAM
components that may be used in the frame buffer, including
Video DRAM.

CONTROL -
BUS
(CTRL)

' 'conmon.
0 DATA
MAIN q_

cPy ADDRESS

MEM CTRL
(DP8419)
+PALs

PROGRAM,/
FUNCTION
MEMORY

FIG!

The National Semiconductor architecture is very well suited
for plane oriented architectures, but can work equally well in
pixel oriented architectures. Additionally, it is the first chip
set which will provide a complete solution for mixed mode
applications.
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Interfacing the DP8500
Raster Graphics Processor

1.0 INTRODUCTION

A graphics subsystem using National Semiconductor’'s Ad-
vanced Graphics Chip Set (AGCS) requires some interface
circuitry between the DP8500 Raster Graphics Processor
(RGP) and other devices on the bus. Specifically these de-
vices may include:

* the Frame Buffers (memory) in each plane,

® the Bitblt Processing Unit (BPU) in each plane,

® a data transceiver in each plane,

® other types of memory used in the system, such as
EPROM for basic functions and startup,

* memory-mapped |/0 devices, including latches for con-
trol of color.

In general the interface circuitry required between the RGP

and other devices will consist of two main blocks:

e the Bus State Machine (BSM), which generates memory
strobes as required by the particular type of memory be-
ing accessed, and transceiver control signals, and

e the Video Plane Controller (VPC), which enables only se-
lected planes of memory, and ensures correct data flow
between memory planes.

National Semiconductor
Application Note 547
Rob Wilson

Additionally an Address Decoder block produces various
enable signals according to the address being generated by
the RGP.

The RGP’s bus interface has been deliberately kept gener-
al-purpose to allow flexibility of memory types; this means
that the system designer must tailor the interface to suit his
requirements. The purpose of this application note is to de-
scribe some of the issues and to suggest some solutions.

Memory Architecture and Graphics Operations

The AGCS has an open architecture which permits both
planar and pixel operations. The memory is organized in
planes (see Figure 1), in which the “color value” of a partic-
ular pixel is the parallel combination of the corresponding
bits in separate words of memory. This requires that the
graphics controller be able to access each plane separately;
but by dividing the graphics rendering functions between the
RGP (address generation) and a BPU on each plane (data
manipulation), the AGCS allows parallel graphics process-
ing. Thus the time required to render a particular graphics
object is independent of the number of bits per pixel and the
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data processing bandwidth is matched to the memory band-
width with uniform expandability.

Contrast this with the more common, but less powerful,
packed-pixel architecture. This requires only a single graph-
ics controller, with access to just one block of memory.
Within the memory each word holds the “color value™ of a
number of pixels (for a 4 plane system, i.e., 4 bits per pixel, a
16-bit memory word would hold the color values of 4 pixels).
With this architecture therefore, the time required to render
a graphics object does depend on the number of bits per
pixel—the system gets slower as the number of bits per
pixel increases. Thus the performance is limited by the data
processing bandwidth.

In addition to being able to perform planar operations (such
as Character Drawing and Bitblt) at high speed, the AGCS
can also execute pixel operations (such as Read and Draw
Point) efficiently. This is achieved by means of the Pixel Port
in each BPU, which allows the RGP, or some other proces-
sor, to access data representing a single pixel.

Itis important to understand that the RGP is a processor—it
fetches instructions from memory and executes them. Spe-
cific graphics instructions are “hardwired” rather than mi-
crocoded, thus providing the highest performance for ren-
dering operations. During these operations the RGP does
not process the data in each plane—this function is handled
by the BPU. Thus the RGP does not need to have any
“knowledge” of the number of planes attached to it.

DP8512
VCG

!

DP8500
RGP

This leads to the concept of addressing duality: during in-
struction fetches and operand reads and writes, the RGP is
accessing just one word in memory, and data passes to or
from the RGP—the “linear” type of access. During “‘draw-
ing” operations, however, the RGP is providing only address
and control information to memory. Drawing operations in-
clude Line Drawing, Bitblt, and higher level operations which
use these, such as Text rendering, and also Screen Re-
fresh.

Thus the system designer needs to build an interface which
can recognize these two types of access, and act on memo-
ry accordingly. Furthermore, for drawing operations there
must exist some mechanism in the interface circuitry to al-
low the RGP’s programmer to select just one or more
planes which will take part in the operation. This allows attri-
butes such as color and intensity of the graphics objects to
be controlled.

Figure 2 shows the block diagram of the interface logic.

The Pixel Port

The BPU has a multiplexer on-chip, which, in point-wise
drawing mode (Line Drawing) where one pixel is modified at
a time, selects one of the 16 bits of the destination word and
latches it into a single-bit bidirectional port. Conversely a
single bit can be latched into this port prior to drawing: the
bit is replicated 16 times and presented to the BPU’s Logic
Unit along with the Destination word. Thus the selected bit
of the Destination word can be modified by the latched bit in
conjunction with the programmed logic function.
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This mechanism is used in the RGP’s Read Point and Draw
Point instructions, which allow the RGP to read or write the
*“color value” of a single pixel. In addition to uses in color
arithmetic this mechanism is useful in allowing pixel archi-
tecture data bases to be easily and rapidly translated to the
AGCS's planar architecture.

Local and Interplane Bitblit

For Bitblt and derivative operations it is common for the
Source and Destination rectangles to lie in the same plane
(Local Bitblt). But it may be a requirement to have a source
rectangle in one plane with the Destination lying in multiple
planes (Interplane Bitblt). This would commonly be used for
text rendering where the font bitmap is stored only once in
one plane—perhaps in low-cost DRAM rather than Video
DRAM, but will be required to be rendered in different colors
by transfer to various Destination planes.

2.0 EXAMPLE SYSTEM

To illustrate the design of an RGP interface a typical small

system will be used. The actual example is National's

DPB50EB, an evaluation board for the RGP. This is a stand-

alone 4-plane system with 1M pixels per plane, which has

basic system firmware in PROM, and a UART for communi-

cations with a Host computer. The main components of the

system are:

e One DP8500 RGP

¢ Four planes, each containing one DP8511 BPU, four 64k
x 4 Video DRAMs (VRAMSs), a transceiver, and a shift
register for parallel to serial conversion

e One NS16450 UART

* Two 2k x 8 87SR193 PROMs for resident firmware.

Memory Map

The RGP will start to execute instructions from address 0
after reset, thus the PROM space must begin at 0. The four
planes are allocated separate, but congruent, memory
spaces. This simplifies the system design (but systems
which need very large amounts of memory for each plane
might need to map each plane to the same space). These
considerations, together with the desire for simple memory

BPU Registers

The BPU Control registers must be memory mapped so
that, when the RGP automatically loads them (in one ac-
cess) prior to drawing, the interface logic can generate the
required BPU control signal (CRE). The BPU Base Address
(800001 hex) needs to be loaded into the RGP upon Initiali-
zation.

Similarly the BPU Function Select registers need to be
memory mapped so that the user can load them individually.
During the RGP’s linear access to each register the inter-
face logic needs to generate the required BPU control sig-
nal (FSE).

Other 1/0 Devices

The Bus State Machine and Address Decoder produce an
Enable signal (ENUART), which, together with Read (R) and
Write (WR) strobes, permit RGP access to the UART regis-
ters.

Memory

The system uses VRAM in page mode for drawing accesses
only. There is negligible increase in performance for page
mode during other VRAM accesses. The RGP’s Page Break
(PB) output is useful in controlling page mode accesses.
When High at the beginning of an access (PB becomes
valid during the second half of the RGP’s T1 cycle) PB indi-
cates that the current access is within the same 256-word
page as the previous access. A Low on PB indicates that
the access is to a new “page”, or row, of memory.

3.0 BASIC TIMING

The example system uses Video DRAM with the following
parameters:

RAS Access Time: 120 ns Max
RAS Pulse Width 120 ns Min
RAS Precharge

Time: 90 ns Min
CAS Access Time: 60 ns Max
CAS Pulse Width: 60 ns Min

CAS Precharge

space decoding, result in the following memory map: Time: 50 ns Min (Page Mode)
Space Address Range Total Comments
(Hex) in Space Words
PROM 000000-3FFFFF 4M Resident Firmware
PLANE O 400000-40FFFF 64k Bit-Maps for Each of
PLANE 1 410000-41FFFF 64k the Four Planes
PLANE 2 420000-42FFFF 64k
PLANE 3 430000-43FFFF 64k
BPUCRE 800001 1 For BPU Control Reg
BPU PDLE 800002 1 For BPU Pixel Port Load
BPU POE 800004 1 For BPU Pixel Port Output
BPUO FSE A00001 1 For BPUO Function Reg
BPU1 FSE A00002 1 For BPU1 Function Reg
BPU2FSE A00004 1 For BPU2 Function Reg
BPU3 FSE A00008 1 For BPU3 Function Reg
(The RGP can access all BPU FSEs simultaneously at address AOOOOF)
UART C00000-DFFFFF 2M
VPC E00000-FFFFFF 2M For Video Plane Control
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At an RGP clock frequency of 20 MHz these parameters
can be met by using the following:

RAS Low for 3 Clock Periods
RAS High for 2 Clock Periods
CAS Low for 2 Clock Periods
CAS High for 1 Clock Period (Page Mode)

4.0 ADDRESS DECODER

This uses the BSM's |OEN signal to generate the following
“chip selects™:

CRE BPU Control Reg Load

PDLE  BPU Pixel Port Latch Enable

POE BPU Pixel Port Output Enable

ENPROM PROM Output Enable

ENUART UART 170 Enable

LMASK Latch VPC Control Data from RGP

FSEO  BPU Function Select Reg Load, Plane 0

FSET  BPU Function Select Reg Load, Plane 1

FSE2  BPU Function Select Reg Load, Plane 2

FSE3  BPU Function Select Reg Load, Plane 3

These signals are derived using straightforward combina-
tional logic. Their timing follows the BSM’s IOEN (see next
section).

5.0 BUS STATE MACHINE

This generates the following signals:

RDY RGP Ready Signal

RAS RAS signal to VRAM

R/C Row/Column Address Selector to Address Multi-
plexer

NCASIN Master CAS Signal to VPC
WR Write Signal to VRAM and UART

Data Transfer/Output Enable to VRAM, Read
Signal to UART

DDIN Data Direction Signal to Transceiver on RGP's
Bus

DBE Data Buffer Enable to Transceiver on RGP’s Bus
DLE BPU Data Latch Enable

DOE BPU Data Output Enable

RFIP Refresh in Progress to VPC

I0EN Linear Access Timing Strobe

m T2
PH1

ALE I I

5.1 BSM Basics

To derive a scheme for controlling the bus accesses consid-
er that data flow during Drawing accesses can overlap with
the start of the next RGP cycle, as shown in Figure 3. In-
deed, the RGP’s BPU FIFO control signals (FRD and FWR)
are timed to use this overlap.

This causes no problem with Local Bitblt; for Interplane
Bitblt however, since the Source data appears on the com-
mon bus during Source Reads, it is necessary to “‘cut” the
RGP’s data path for the first part of the overlapped access
as this could be a linear access.

BSM TIMING

During each cycle of the RGP the BSM will need to change
both its state and its outputs based upon its present state
and inputs from the RGP.

To avoid having to use very fast logic the example system

uses a pipelined technique for the BSM:

* Input changes occurring during a particular RGP cycle
cause the BSM to change state at the beginning of the
following cycle. The state is clocked by the rising edge of
PH1.

® Qutput changes which occur as a result of this state
change happen at the beginning of the cycle after this,
and are clocked by the rising edge of PH1.

Consequences of this are that an input change occurring
during cycle “N” will result in an output change in cycle
“N + 2"—something that must be remembered when look-
ing at the BSM timing diagrams which follow.

The one exception to this scheme is the signal NCASIN,
which is used by the VPC to selectively generate CAS0-3
for the memory planes. NCASIN is a combinational BSM
output, and is clocked by the rising edge of PH1 in the VPC
after being processed by more combinational logic (see
section 6.0). Thus CAS0-3 become valid at the beginning
of RGP cycles, just like BSM outputs. In the timing diagrams
(Figures 7 to 14) which follow, CASn is shown rather than
NCASIN, the “n” representing any one or more of O to 3.
Figure 4 shows the structure of the BSM and the timing
relationships between inputs, states and outputs.

BSM Bus Requests

There are two sources of bus access requests: the RGP
and the Refresh Timer. The BSM contains two flip flops to
denote a bus request from these sources:

RGPRQ: Setbythe RGP's ALE, Reset by the BSM

RFRQ:  Set by the Refresh Timer, Reset by the BSM.
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The principle of the BSM described here is that, on getting a

bus request from one of these sources (with RGPRQ having Access Type RGPRQ|RFRQ|BS1[{BSO|R|W
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5.2 BSM Linear Accesses

The linear access is used for Instruction Fetches, Operand
Reads and Writes, and general Input/Output. The previous
access could have been either a Drawing access (RAS end-
ing in the cycle after T1) or another linear access (RAS ends
in previous T3). Both possibilities are shown in Figure 5.

To meet the VRAM timing requirements for the system we
need to allow for the worst case (in which the previous ac-
cess is a Drawing access). Thus RAS for the Linear access
can start two cycles later as in Figure 5.

The above analysis is for a relatively simple Bus State Ma-
chine. A more complex design could reduce the impact (1
extra clock cycle) of allowing for a previous Drawing access
by recognizing a sequence of Linear accesses. In this case,
because only two cycles of RAS precharge are needed, the
access can be started one cycle earlier. Additionally, for the
example BSM design, the same timing is produced for all
linear accesses regardless of the type of memory being ac-
cessed—again, a more complex design could vary the tim-
ing according to the type and speed of memory being ac-
cessed.

The complete BSM behaviour for a Linear Read access fol-
lowed by a Linear Write access is shown in Figure 6. Once

the previous access has completed (i.e., the BSM has
reached state 0) the BSM determines that an RGP bus re-
quest is pending (RGPRQ has been set by ALE going high),
and starts the Linear access by branching to state 1.

In subsequent clock cycles the BSM enters states 2, 3 and
4, and finally state 0. The RGP’s RDY input is asserted dur-
ing state 4 so that the RGP will complete the access, with
data becoming valid at the RGP’s inputs at the end of T3.

Note that R/C, which switches the VRAM address lines be-
tween Row addresses (when High) and Column addresses
(when Low) is generated by delaying the RAS signal by half
a clock period.

Also, since the RGP will latch the read data from the ac-
cessed memory or device at the end of T3 during the Read
access and send data out during the write access, the
RGP's Data bus transceiver is enabled by DBE and its direc-
tion controlled by DDIN. The timing strobe IOEN is pro-
duced, with the same timing as CASn, so that the Address
Decoder block can produce the appropriate strobes to the
accessed device.

DT/OE pulses low to enable data from the accessed mem-
ory during the Read access, and WR pulses low to write
data to memory.

BSH 0 1 2 3 4 0 0 1t 2 3 4 0
e W W TW W T2 T3 T TW W W T2 T3
state Linear Read Linear Writ

PH1
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Conditions for Linear Access: BS1 = L, RGPRQ = H, RFRQ = L

TL/F/9762-6

FIGURE 6. Linear Read and Write, Preceded by Draw Access
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5.3 BITBLT Source Read and Destination Write
Accesses

The first type of Drawing access to be considered is the
Bitblt Source Read: this occurs when the BPU FIFOs are
being filled prior to the Destination Write or Read/Modify/
Write accesses during a Bitblt.

Figure 7 shows the BSM behaviour when a Page Break oc-
curs, i.e., page-mode memory cycles are not possible be-
cause subsequent accesses are to different rows (or
“pages”) of memory. During state 8 the RGP’s PB signal is
determined to be Low, so the BSM branches to state 0 to
terminate the access (by bringing RAS High).

BSM
state
RGP
state

il
|

o

7 8

ALE

DT/OE is produced to enable the data from memory, which
is latched into the BPUs with DLE. Note that for interplane
Bitblts only one memory plane is read, but the data may be
latched in several BPUs: the VPC logic controls the data
routing.

Figure 8 shows the BSM behaviour for page-mode memory
accesses.
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FIGURE 10. Bitblt Destination Write, Page Mode

If, during state 8, the BSM finds that the next access is the
other basic type of Drawing operation (Read/Modify/Write)
and there is no Page Break then a branch will occur to the
corresponding point in its state sequence (state 10).

Figures 9 and 70 show the state sequences for Destination
Write accesses; these are identical to the states for Source
Reads but the outputs differ. In particular the DOE output is
asserted during the RAS pulse to enable data out of the
BPUs, and the WR output is pulsed at the end of TASnH to
write the data to the VRAM.

TL/F/9762-10

5.4 Draw Read/Modify/Write Accesses

This type of access occurs during both Line Drawing (al-
ways) and Bitblt (if the Bitblt Combine option is chosen, and
for both this and the OverWrite option during modification of
boundary Destination words).

Figure 11 shows non-Page mode accesses. The BSM uses
states 9 to 14. DT/OE is pulsed during the first half of the
CASn signal to read the memory data into the BPUs, where
it is latched with DLE. (For Bitblt accesses the RGP’s FRD
signal simultaneously fetches the aligned Source data from
the BPU FIFO).
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During the second half of CASn the BPU’s logic unit output
data is enabled out to memory by DOE, and written to mem-
ory by WR.

If, during state 14, the BSM finds that the next access is the
other basic type of Drawing operation (Source Read or Des-
tination Write) and there is no Page Break then a branch will
occur to the corresponding point in its state sequence (state
6).

Figure 12 shows the same accesses in Page mode.
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5.5 VRAM Transfer Access (Screen Refresh)

The RGP, if appropriately programmed, will request a bus
access for VRAM data transfer at the beginning of each
display scan line, or when the display row address is zero.
During this access up to 256 words of data are transferred
from the VRAM memory array to the VRAM shift registers,
and from there are transferred to the display device.
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Conditions for Draw R/M/W: BS1 = H,BS0 = L,RGPRQ = H,RFRQ = LR =L W= L
FIGURE 12. Draw Read/Modify/Write, Page Mode
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The example system uses a display “warp” of 64 words,
which avoids the requirement for VRAM transfers in the
middle of scan lines. So VRAM transfer accesses occur
only at the beginning of scan lines, during blanking time, and
well before active video time.

The VRAM performs a transfer when DT/OE is Low before
RAS is asserted. The BSM asserts DT/OE in state 16, and
then asserts RAS in state 17, as shown in Figure 13. The
remainder of the access is conventional except that the out-
put RFIP is asserted. This tells the VPC that CAS outputs to
all planes must be asserted.

5.6 VRAM Refresh Access

When the Refresh timer causes a bus request, by setting
RFRQ, and the current bus access has completed by reach-

BSM
state
RGP
state

il
I

15
™

i
1

ALE

ing state 0, the BSM will initiate a VRAM Refresh access.
This uses the VRAM's internal refresh row counter by as-
serting CAS Low before RAS.

The BSM inserts RGP wait states by holding RDY Low until
the refresh access is completed—the pending RGP bus ac-
cess can then continue. RFIP is asserted during the refresh
so that the VPG will assert CAS to all planes.

Figure 14 shows the BSM's behavior.

6.0 THE VIDEO PLANE CONTROLLER

The function of the Video Plane Controller (VPC) is to en-
able, under program control, some or all of the planes for
Drawing operations, and to control the data transceivers on
each plane.

17 18 19 0
W2 |13 M
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DBE
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DOE
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10EN

TL/F/9762-13

Conditions for VRAM Transfer: BS1 = H, BSO = H, RGPRQ = H,RFRQ = X,R = LW = H
FIGURE 13. VRAM Transfer (Preceded by Draw Access)
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FIGURE 14. VRAM Refresh

Plane Memory Control
Several control methods are possible:

® Disabling inactive planes by programming their BPUs to
the “Destination = Destination” function. These planes
therefore write back their images without any changes.
This method does not require additional hardware, but
does not allow the use of interplane Bitblt (there will be
bus contention during Source reads).

Steering WR to selected planes, so that only active
planes can change their data. This method also does not
allow the use of interplane Bitblt.

Steering RAS to selected planes. This method could in-
cur extra delay in the RAS pulse, which in many designs
can not be tolerated. Also this method is not guaranteed
to work for all VRAMs.

Steering CAS to selected planes. This method does work
satisfactorily, and any extra delay in asserting CAS can
usually be tolerated.

CAS steering is the method used in the example system. By
using the CAS timing strobe, NCASIN, from the BSM prior to
clocking on the rising edge of PH1, no additional delay in
CASn is incurred.

The VPC must be programmed (by an Operand Write from
the RGP to address E00007 in the example system) for
which plane or planes are to be active—the “Write mask”,
and if an interplane Bitblt is required. Four RGP data bits,
DO0-3, correspond to the four plane’s Write Mask, and D15
is used for the interplane bit. The signal (LMASK) which
latches these bits in the VPC is generated by the Address
Decoder logic.

During drawing operations, except for interplane Bitblt
Source Reads, plane n is enabled (NCASIN from the BSM is
routed to CASn and clocked on the rising edge of PH1) if its
corresponding Write Mask bit is a 1.

2-24




During linear accesses (BS1 is Low) and the interplane
Bitblt Source Reads (BSE and BS1 are High, BSO is Low,
and the interplane bit is 1) a plane is enabled if the RGP’s
address lies within the plane’s address bounds.

During VRAM Transfer accesses and VRAM Refresh opera-
tions (RFIP is High) all CAS outputs need to be asserted for
the duration of RFIP.

Thus in the example system the VPC needs to decode ad-
dress lines A17, 18, 22 and 23 to detect the plane being
addressed, and decode RFIP, BS1, BS0, BSE and the inter-
plane bit.

It should be noted that during interplane Bitblt Source
Reads, however, BS1, BSO and BSE are not valid during
state 8; at this time they will change for the next RGP ac-
cess. Therefore the VPC must effectively latch their value
during these accesses.

Plane Transceiver Control

The VPC also generates the Enable (BEn) and Direction
(DIRn) control signals for the transceiver on each plane.
The sense of DIR is that when it is High data is moved from
the VRAM to the common bus (i.e., for memory reads).
During linear accesses to VRAM (BS1 and A23 are Low and
A22 is High) BEn is asserted according to which plane is
being addressed (a decode of A17 and A18). DIRn is the
inverse of RGP’s R output.

During linear accesses to the BPU Control registers (CRE is
Low), all BEn are asserted and DIRn is Low.

During linear accesses to the BPU Function Select registers
(FSEn is Low), BEn is asserted according to which one or
more registers is being accessed and DIRn is Low.

During Interplane Bitblt Source Reads all BEn are asserted.
DIRn for the Source plane (the plane being addressed by
the RGP) is High, and for the other planes (which will latch
the Source plane’s data in their BPUs) DIRn is Low.

During all other Drawing accesses the transceivers are dis-
abled (BEn are High).

Thus for transceiver control the VPC needs to decode ad-
dress lines A17, 18, 22 and 23, and BS1, BS0, BSE and the
interplane bit. The earlier comment about the validity of the
RGP status signals during state 8 of the Bitblt Source Reads
applies to the transceiver control logic as well.

7.0 INTERFACING TO AN EXTERNAL PROCESSOR

The open architecture of the Advanced Graphics Chip Set
means that an interface to an external or co-processor can
be achieved in a number of ditferent ways, depending on
the designer’s requirements.

The technique offering the highest performance is that of
using shared memory, where the external processor can
take control of the graphics subsystem'’s bus and access
memory directly.

The interface design described above requires three basic
sets of signals from the bus controller.

e Address Signals (Inputs)
¢ Data Signals (Bidirectional)
® Status Signals (Inputs, Plus RDY Output)

The BSM design could easily be modified to cater for an
external processor by adding an input which indicates a bus
request by the additional processor. Once the BSM has
granted bus access (putting the RGP in HOLD or inserting
Wait states), this processor can present its Address, Data
and Status signals to the BSM, VPC and Address Decoder,
and access the memory. The BPUs can also be controlled,
allowing both planar and pixel accesses by the external
processor.

8.0 SUMMARY

The implementation of a memory interface for the National
Semiconductor DP8500 Raster Graphics Processor is
straightforward. The RGP provides sufficient status and tim-
ing signals to interface flexibly and efficiently to any variety
and mixture of memory and peripheral devices.

This application note has described the implementation of
an interface between the RGP and various types of memo-
ry, by reference to the DPB50EB system.
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The LM1823:

A High Quality TV Video I.F.
Amplifier and Synchronous
Detector for Cable
Receivers

INTRODUCTION

The LM1823 is a video |.F. amplifier designed to operate at
intermediate carrier frequencies up to 70 MHz, and employ
phase locked loops for synchronous detection of amplitude
modulation on these carrier frequencies. The high gain,
wide AGC range and low noise of the LM1823 make it ideal
for use in television receivers, video cassette recorders and
in cable TV set-top converters requiring high quality detect-
ed base-band video and an audio intercarrier. Typical per-
formance characteristics and features of this 1/C are sum-
marized in Table | below.

TABLE|
Maximum system operating frequency 70 MHz
Typical I.F. amplifier Gain (45.75 MHz) >60dB
|.F. amplifier gain control range 55 dB
True synchronous detector with a PLL
Detector conversion gain 34dB
Detector output bandwidth 9 MHz

Detector differential gain 2%
Detector differential phase 1 degree
Noise averaged AGC system

Internal AGC gated comparator

Reverse tuner AGC output

DC controlled video detection phase

AFC detector

THE R.F. SIGNAL FORMAT

Despite the wide variety of signal sources available to the
home television receiver—broadcast, cable, satellite, video
games etc.—on channel carrier frequencies from
55.25 MHz to 885.25 MHz, the spectral content of each R.F.
channel has been established for many years. In the United
States the channel bandwidth is fixed at 6 MHz with the
picture carrier located 1.25 MHz from the lower end of the
band, and an aural carrier placed 4.5 MHz above the picture
(pix) carrier. Introduction of color television in the early fifties
added another carrier, the chroma sub-carrier, positioned
3.58 MHz above the pix carrier frequency. The pix carrier is
amplitude modulated* by the baseband video signal (which
* A more appropriate term is “negative downward modulation” since any
modulating signal causes a decrease in the peak carrier amplitude (com-
pared to conventional a.m., where the modulating signal alternately increas-
es and decreases the peak carrier level with the mean carrier level remain-
ing constant). For television carriers, syncs correspond to peak carrier and
increasing brightness causes decreasing carrier amplitudes.

Broadcast Channel Frequency Allocations

2 6 7 13

VHF LOW VHF HIGH

54 88 174 216

National Semiconductor
Application Note 391
Martin Giles

includes the synchronization information and the phase and
amplitude modulated chroma subcarrier) while the aural car-
rier is frequency modulated. Television channels in Europe
use similar carriers with the refinement of a fluctuating chro-
ma subcarrier phase (P.A.L.).

The signal coming into the receiver has this general format
and the receiver R.F. and L.F. circuits are designed to han-
dle such a signal and reduce it back to the baseband com-
posite video and audio intercarrier. Even where signal
scrambling is used to protect the video modulation from un-
authorized detection, the R.F. spectrum must remain within
this format. For satellite broadcasts with frequency modula-
tion of the video signal, the signal is demodulated and then
remodulated onto a low VHF channel for reception by stan-
dard television receivers. In connection with this, the
LM1823 PLL detector is not suitable for wide-band FM de-
tection—even though the I.F. carrier (70 MHz) is well within
the LM1823 L.F. amplifier frequency capability.

Notice again that the pix carrier is located at one end of the
occupied bandwidth and only the upper sidebands are being
fully transmitted. The lower sidebands are truncated with
only frequencies close to the pix carrier frequency modulat-
ing the carrier. This method of conserving the frequency
spectrum is referred to as vestigial sideband transmission.

THE CABLE CONNECTION

Originally introduced many years ago as a means for provid-
ing broadcast TV to isolated areas or where the terrain
made direct reception difficult, cable TV had modest growth
in the U.S. and was a stagnating industry until the mid-sev-
enties. Lower cost satellite earth stations were the turning
point, allowing cable operators access to many varied pro-
gram sources from any part of the country.
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FIGURE 1. U.S. Broadcast Channel Spectrum
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FIGURE 2. Broadcast and Cable Bands in the U.S.
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Standard television receivers in the U.S. tune to VHF chan-
nels 2 through 13 and UHF channels 14 through 83, and
initially cable operators used the 12 VHF channels for their
program material. With increased sources soon all channels
were occupied on some systems creating significant de-
mands on television tuner and |.F. amplifier strips. More
space yet was needed and rather than using UHF channel
allocations starting at 470 MHz because of cable signal at-
tenuation (typically 0.8 dB/100 ft. at 300 MHz), operators
turned to the unused spectrum space between VHF channel
13 and UHF channel 14. Naturally, since standard TV re-
ceivers could not tune to these channels, the set-top con-
verter came into being. Each of the new channels could be
converted to a low VHF channel to be received on the stan-
dard TV. Television manufacturers responded, and with the
common introduction of varactor tuners were soon able to
offer *“cable ready” televisions capable of tuning to all the
new cable frequencies. This meant that customer conve-
niences such as remote control of channel selection also
became available. Unfortunately it aggravated a problem al-
ready confronting the cable operator. Since standard televi-
sion receivers couldn’t tune to the cable channels, opera-
tors had been able to offer premium services on some of
these frequencies, paid for by subscribers who rented the
appropriate set-top converter box. This didn’t prove very se-
cure since one operator’s “free” channel was another oper-
ator's “pay” channel, and the introduction of cable-ready
televisions ensured the eventual demise of such systems.

Scrambling the signal, a technique already being used by
over-the-air subscription television, has become common in
the cable service. The degree of scrambling* is limited since
the scrambled signal spectrum must remain within the chan-
nel allocation and anything done to the signal must be sub-
sequently undone without noticable degradation of the sig-
nal.

Generally for television, scrambling means a pulse or sine
wave suppression of the signal horizontal blanking pulse
interval so that the sync-tips occur between the black and
white levels instead of always below black level. The stan-
dard television sync separator does not function well with
this signal and the I.F./tuner AGC circuits will not work prop-
erly, effectively scrambling the displayed picture. Other
techniques include random inversion of the video informa-
tion to provide an even greater degree of security.

The means used to encode such a scrambled signal gives
rise to the terms “in band scrambling” and “out of band
scrambling”. With cable ready television receivers capable
of tuning to the scrambled channel, the decoder can be a
simple broad-band gain switch (to change the signal R.F.
amplitude during horizontal blanking) with a separate receiv-
er tuned to the decoding data carrier frequency, which is

*Other security techniques such as jamming or trapping are used but since
jamming is easy to defeat and trapping requires removal or replacement of
filters in the cable drop to individual subscribers, scrambling the signal is
receiving a lot more attention.

located outside the signal channel. This permits use of the
television receiver in a normal way but does require simulta-
neous switching of the decoder receiver with channel
changes.

Also, spectrum space must be reserved for each scrambled
channel’s data carrier.

A more popular method of scrambling is “in band scram-
bling” where the data carrier to decode the signal is includ-
ed inside the transmitted signal channel, usually within the
aural carrier. Any number of channels can be scrambled
and now different levels of service can easily be added or
deleted without the need to rewire the decoder box. This is
achieved by including time multiplexed binary “tags” along
with the sync information so that special programs can be
identified. Individual subscriber boxes can be similarly ad-
dressed and turned on or off by the cable operator. In these
types of systems, the LM1823 and LM2889 have obvious
applications. The LM1823 is able to provide an excellent
baseband signal inside the decoder box, which signal is
then remodulated on a low VHF channel carrier by the
LM28889 for retransmission to the standard television receiv-
er. Clearly, the highest possible performance is desireable
to prevent any noticeable difference between a converted
channel, whether scrambled or not, and a regular off-air
broadcast channel. (For a complete description of the
LM2889 modulator 1/C see AN402).

THE RECEIVER FRONT-END

The typical receiver front-end consists of a tuner, I.F. ampli-

fier, I.F. filters and a video/sound intercarrier detector stage.

These circuits are designed to provide a number of func-

tions:

1) Select (tune) a specific R.F. channel in a band of fre-
quencies.

2) Provide rejection to adjacent and other channels in the
band.

3) Amplify low level R.F./L.F. signals prior to detection of
the modulation.

4) Avoid overload on high level R.F. signals.

5) Trap or attenuate specific frequencies within the chan-
nel bandwidth to ensure a proper detected frequency
response is obtained.

6) Linearly demodulate all desired modulating frequencies
on the carrier.

7) Produce a noise-free video signal at the detector.

8) Provide automatic gain control (AGC) to compensate
for changing signal strength at the receiver input.

9) Provide automatic frequency control (AFC) to the tuner
local oscillator (L.O.) to maintain the carrier intermedi-
ate frequency (I.F.).

N.B. Items 8) and 9) have previously been provided in part by circuits exter-
nal to the conventional I.F. amplifier. However, these functions are
completely included with the LM1823 leading to overall performance
improvements and reduction in external parts count and cost.
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FIGURE 4. R.F. Tuning and L.F. Conversion (Note High
Side L.O. Reverses the Relative Position of the Picture
Chroma & Sound Carriers. c.f. Figure 7).

Although we are not directly concerned with the tuner de-
sign in this application note, it is useful to understand the
design goals and constraints on the tuner for at least two
reasons. First, since the tuner and I.F. amplifier interact very
closely to obtain and maintain a noise-free picture, we need
to know something about the tuner in order to provide the
correct gain distribution and AGC action. Second, when the
two functions are finally placed together, we need to know
where to look to solve visible problems that may have be-
come apparent. In some instances, either the tuner or the
|.F. amplifier may be at fauit, and a good understanding of
the system interaction is needed to ensure that the appro-
priate action is taken.
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FIGURE 5. Typical Single Conversion Tuner

Both single conversion and double conversion techniques
are used in cable converter tuners. The single conversion
type is similar to the conventional TV receiver tuner and
consists essentially of an R.F. stage, mixer stage, and local
oscillator. Usually some input filtering is done to help match
the cable to the input device and provide some rejection to
unwanted signals outside the operating channel. Further re-
jection to unwanted signals, such as the I.F. frequency radi-
ated back from the I.F. amplifier, is accomplished with inter-
stage filtering between the R.F. amplifier and the mixer, and
finally an output filter matches the mixer output to the cable
feeding the |.F. amplifier. For convenience, we are assuming

1ST_MXER

2ND MXER

e B e L ER

the desired output impedance is 75 and that the major I.F.
amplifier frequency selectivity is determined by a block filter
placed between the tuner output and I.F. amplifier input.
This is consistent with modern practice using surface
acoustic wave filters (SAWF’s) and high gain stabilized I/C
amplifiers (LM1823). Even so, as noted in more detail later,
the LM1823 does provide opportunities for more filtering at
the I.F. amplifier output prior to the detector stage.

Dual conversion tuners have been popular for a number of
years and use first L.O. frequencies that are above the input
R.F. bandwidth, avoiding problems with L.O. leakage back
onto the feed cable. The second L.O. and mixer convert the
high first I.F. to a Ch 3 or Ch 4 carrier for reception by the TV
receiver. The addition of PLL’s to control the first L.O. and
descrambling networks on the R.F. output have added suffi-
cient complexity to such converters that they are now called
“set-top terminals”. Also, since the scrambling techniques
have become more sophisticated the signal is now frequent-
ly converted down to baseband before decoding and re-
modulation on Ch 3 or Ch 4 carriers. The high first L.F. has
the advantage that image signal rejection is achieved with-
out the switchable filters necessary at the input to the single
conversion tuner. However, the absence of these filters
does mean that care must be exercised to avoid generation
of intermodulation products that “talk back” onto the cable
(up conversion of the R.F. signal has been proposed as a
way to minimize intermodulation components). Another dis-
advantage of the dual conversion tuner shown in Figure 6 is
that it typically has a very high Noise Figure, often between
14 dB to 16 dB. This is because the signal is applied directly
to the first mixer which is a passive, double balanced diode
mixer. As discussed in more detail later when we look at
SAWF's between the tuner and the I.F. amplifier, a pre-amp
in front of the mixer can improve the N.F. to 6 dB to 8 dB,
especially in a baseband converter where an AGC voltage is
available to help the tuner handle the input signa! strength
range.

Returning to the single conversion tuner, the major parame-
ters to be considered are as follows:

1) Power gain
2) Noise Figure
3) Good Cross-Modulation rejection
4) VSWR
5) AGC Range
6) Impedance changes with AGC
7) Overload capability
8) Channel 6 beat rejection
9) Curve tilt (tracking)
10) L.O. drift and radiation

For an I.F. amplifier design, items 1), 2), 7), and 8) are the
most significant, but if the tuner designer has overlooked
the others we may see some problems when the tuner and
I.F. amplifier are hooked together.
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FIGURE 6. Dual Conversion Tuner




Crossmodulation describes the condition wherein the modu-
lation information on an adjacent channel (usually) is trans-
ferred on to the desired carrier. A typical specification is the
undesired carrier level with 30% modulation needed to
cause 1% modulation of the desired carrier level.

Crossmodulation is particularly likely to occur in cable sys-
tems and is usually observed as sync bars drifting through
the picture. In particularly severe cases the interfering pic-
ture can actually be seen. High signal levels at the input of
the mixer are a frequent cause of crossmodulation, particu-
larly when high gain R.F. stages are used to obtain a low
tuner noise figure (N.F.). But when AGC is applied the
crossmodulation source often shifts to the R.F. device.

When overload occurs, (measured as the total harmonic
distortion of a specified modulation frequency), the peaks of
the R.F. carrier waveform become compressed and this will
show up at the video detector as a smaller sync pulse ampli-
tude (sync tip to black level). Since the AGC system oper-
ates on the sync tip level the effective result is that the black
level appears to go blacker than black—i.e. some near
black information will be lost and the picture will appear to
have too much contrast. Alternatively if the subsequent re-
ceiver circuits have black level restoration the screen bright-
ness increases and picture tube blooming on peak whites
may occur. As overload increases there is a strong chance
that vertical sync will be lost. Generally the tuner mixer de-
vice is the first stage to overload, followed by the R.F. stage.
While overload is caused by very strong signal strengths
and therefore may appear to be of limited concern it can
also occur at weak to intermediate signal strengths because
of incorrect AGC threshold settings and this will be dis-
cussed in detail later.

Channel 6 beat is a phenomenon related to mixer overload
and occurs because of the choice in the U.S. of 45.75 MHz
as the intermediate frequency. On channel 6, mixing of the
sound and pix carriers produces a signal at 171 MHz which
is then mixed with the channel 6 L.O. frequency to give
42 MHz. The LF. sound and pix carriers can also mix with
the channel 6 L.O. to produce 42 MHz. Since 42 MHz is only
170.455 kHz from the I.F. chroma subcarrier of 42.17 MHz,
after detection wavey lines will appear in colored areas of
the picture. Turning down the receiver color level (satura-
tion) control will eliminate the 170 kHz pattern and identify
the problem as Channel 6 beat.

Curve tilt or tracking refers to the ability of the tuner filters to
track the L.O. frequency as the channel selection is
changed. Problems in this area are easily identified at the
video detector output (sometimes referred to as the 2nd
detector) since the effect is to cause changes in the relative
amplitudes of the pix, sound and chroma carriers compared
to that expected from the L.F. filter response. When the de-
tector VCO and AFT circuits of the LM1823 are aligned to
45.75 MHz, the chroma burst located on the back porch (or
breezeway) portion of the horizontal blanking period in the
video signal will normally be —6 dB compared to the sync
pulse amplitude. If mistracking is causing a loss of high fre-
quencies on certain channels, the burst amplitude will be
lower on these channels and the picture (in severe cases)
will have watery and noisy colored areas with smeared off
picture detail. When the loss occurs down at the pix carrier

frequency, the burst amplitude is increased and the picture
will become harsh with excessive overshoots.

Similar problems can occur on any specific channel simply
due to mis-tuning or L.O. drift. In particular, as the L.O. fre-
quency drifts high and the chroma subcarrier amplitude in-
creases, the sound carrier also increases and chroma/
sound beats will appear in the picture. In the U.S. the chro-
ma/sound carrier beat is at 920 kHz (4.5 MHz—3.58 MHz)
and appears as a herringbone pattern while the audio mod-
ulates the sound carrier. This 920 kHz beat can also be
caused by detector non-linearities, and after the video de-
tector by the detected 4.5 MHz sound intercarrier mixing
with the chroma subcarrier in subsequent receiver stages. If
turning down the color level control removes the 920 kHz
beat then a better 4.5 MHz trap is needed at the video de-
tector output.

These preceding comments are not meant to imply that the
tuner is the root cause of all the nasty phenomenae that can
be observed in the picture display. Overload, Channel 6
beat and video noise are very dependent of the
tuner/I.F./AGC interaction. To understand why this is the
case, we need to look at the demands that the input signal
field strength puts on the system.

RF STAGE MIXER
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FIGURE 7. Typical Tuner Gain and Noise Figure

INPUT SIGNAL LEVELS

The smallest input signal is, of course, no signal or simply
the noise level generated at the cable drop. To this noise
level will be added the input noise of the tuner itself, giving
rise to an equivalent noise input defined by the tuner noise
figure (N.F.) While a specific design will have to take into
account the actual operating parameters of the tuners avail-
able, we will assume a typical tuner configuration with an
R.F. stage providing 14 dB gain and having a 4 dB N.F,,
followed by a mixer stage with 16 dB conversion gain and a
16 dB N.F. The N.F. of this combination is 6 dB, a fairly
typical number, which will have the effect of increasing the
actual input noise by a factor of 2. If our noise source is the
cable impedance with a real part of 75Q, at an ambient
temperature of 290k, then the equivalent input noise is 2.2
uVrms (the noise contribution of any matching network or
cable termination is ignored as this is included in the tuner
N.F.).

Cable signal levels run from —6 dBmV to +15 dBmV with a
typical system goal of maintaining a C/N ratio of at least

0.5mV
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FIGURE 8. System Gain Distribution
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43 dB at the cable drop to the subscriber. If a 0.5 mVrms
signal is to produce the rated detector output of 3V (0-p)*
for the LM1823 then we need a total system gain of at least
75 dB. Usually the SAWF connected between the tuner out-
put and the L.F. input will have an insertion loss of 20 dB to
30 dB so that with the 30 dB tuner gain, the |.F. amplifier/
detector is required to provide the remaining 76 dB. If the
tuner is simply a diode mixer with a 6-8 dB insertion loss,
the gain requirement increases to 114 dB.

*(o—p) means the detected zero carrier voltage level to the detected sync tip
voltage level. The actual peak white signal to sync tip excursion at the detec-
tor will be 87.5% of this—2.63V (p-p). In the absence of a carrier, thermal
noise will be present with amplitude peaks on both sides of the detected
zero carrier voltage.

Fortunately the LM1823 has a high conversion gain detec-
tor (34 dB) and the |.F. amplifier gain can be set to well over
75 dB at 45.75 MHz (but we will see that some gain prior to
the I.F. amplifier filter will be necessary if a good system
N.F. is desired). Substantially more gain than necessary
should be avoided however, even though there is plenty of
AGC range in the LF. amplifier (from 48 dB to 60 dB de-
pending on external components). While at least 22 dB
AGC capability is needed to accommodate the expected
input signal strength range, if excessive system gain is used,
forcing the L.F. amplifier into early gain reduction, the I.F.
amplifier N.F. will begin to increase. With a diode mixer front
end, the I.F. amplifier N.F. may contribute directly to the
system N.F. and prevent noise-free pictures from being ob-
tained. If a pre-amp or tuner is part of the AGC loop, gain
reduction should be limited to the I.F. amplifier as much as
possible, transferring gain reduction to the tuner only when
the signal strength is high enough to cause distortion or
cross modulation problems. The tuner gain will prevent the
prior increase in |.F. amplifier N.F. from impacting the sys-
tem noise performance, but excess system gain causing
premature tuner gain reduction will increase the tuner N.F.
and hence the system N.F.

Of great interest to us is the R.F.C/N ratio required for the
detected output to be considered noise free. Actual televi-
sion video S/N ratios are a little complicated by the fact that
the displayed video signal does not occupy the full R.F. car-
rier envelope. 25% of the carrier is reserved for the syn-
chronizing pulses and 12 ,% is retained even under condi-
tions of peak white modulation, for the benefit of intercarrier
sound detectors. A common definition of the video S/N ratio
is the ratio measured in decibels of the peak video signal
amplitude to the r.m.s. noise voitage amplitude. In this con-
text peak video refers to the voltage excursion between
black and white levels (from 75% peak carrier to 12,%
peak carrier). With this definition in mind, it is generally ac-
cepted that the subjective effect of imperceptible noise oc-
curs at an S/N ratio of 43 dB. Noise will become perceptible
(for most viewers) at an S/N ratio around 38 dB; is clearly
visible but not necessarily disturbing at 34 dB and becomes
objectionable at 28 dB to 30 dB. Alternatively if we measure
the signal amplitude as an r.m.s. sine wave with the same
peak to peak amplitude as the R.F. carrier during the sync

TL/H/8421-9
FIGURE 9. Television R.F. Modulation Envelope

pulse period, our signal is free of noise for a 47 dB C/N
ratio.

If the input signal were completely noise-free (i.e. no excess
noise from head-end amplifiers etc.) then the detected C/N
ratio is determined by the equivalent input noise level of the
tuner—2.2 uVrms for a 6 dB N.F. With a minimum signal
level of 0.5 mVrms the detected C/N ratio will be 47 dB for
the converter alone. When the actual signal has noise, for a
cable C/N ratio of 43 dB the noise detected at the converter
output is now
en =106V (2.2)2 + (3.5)2 = 4.13 pV

This gives a detected C/N ratio of 41.6 dB, a loss of 1.3 dB
compared to the original signal. For most viewers this is the
just perceptible level for video noise. On the other hand, if a
14 dB N.F. converter is used, the detected C/N is 32.7 dB
which is considered objectionable. A 0 dBmV signal would
produce 38.7 dB C/N ratio which would be acceptable. Ob-
viously a low N.F. is important, and any increases in N.F.
should be carefully controlled to get the best picture quality
possible. Figure 10 shows the change in N.F. for the
LM1823 I.F. amplifier. For over 30 dB gain reduction, the
N.F. is unchanged and increases by only 4 dB for the next
20 dB of gain reduction.
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TL/H/8421-10
FIGURE 10. Increase in L.F. Amplifier
N.F. with Gain Reduction

LM1823-GENERAL CIRCUIT DESCRIPTION

The basic arrangement of the LM1823 is shown in
Figure 11. A five stage |.F. amplifier provides gain with a low
impedance input stage to ensure adequate suppression of
triple transit echo in SAW filters, and AGC on the three inter-
stages. The output stage buffers the I.F. signal which is split
off into two paths. A linear path takes the modulated signal
to a true synchronous detector while a high gain limiter am-
plifier passes the I.F. carrier waveform to a second phase
detector which is part of the PLL for the VCO. The PLL has
an externally adjustable filter and locks the oscillator in
quadrature with the incoming I.F. carrier. An in-phase com-
ponent of the oscillator also drives the linear path detector
to recover the signal amplitude modulation. An external DC
control allows fine adjustment of the detection phase in or-
der to optimize the detector linearity. The output from the
detector is coupled back into the AGC comparator input,
and is internally gated during the sync pulse period for good
nose immunity and a fast response. Two AGC voltages are
available; an early AGC for the I.F. amplifiers and a late, or
delayed AGC for the tuner. The take-over point between the
1.F. AGC and the tuner AGC is set by an external potentiom-
eter. Also included is an AFT output for fine control of the
tuner L.O. All these functions are contained in & 28-pin DIP
with a pin-out designed to facilitate stable p.c.b. layouts—
even with the high system gain of the LM1823 at frequen-
cies up to 70 MHz.
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FIGURE 11. Block Diagram of the LM1823

I.F. Amplifier Stages:

The LM1823 I.F. amplifier is composed of five separate
stages designed to provide high gain primarily in the fre-
quency range of 35 MHz to 60 MHz, and gain control over a
60 dB range without overload of any stage and without intro-
ducing excess noise into the signal.

To achieve this, AGC is applied to the second through
fourth stages by a control voltage that is either internally
generated from the video detector output or from an exter-
nally applied bias voltage at Pin 13. AGC action starts when
the voltage at Pin 13 reaches approximately 4 VDC and
over 50 dB of gain reduction is obtained by the time Pin 13
voltage reaches 6.5 VDC. For a typical application, the I.F.
noise figure is around 6 dB for the first 30 dB of gain reduc-
tion, and then begins to increase to above 10 dB by the time
the amplifier is gain reduced over 50 dB (see Figure 10).

selected for a specific set of tuner parameters and I.F. filter
losses. Excess gain simply means premature AGC action
with possible loss of optimum video S/N ratios. To see how
and where the LM1823 gain can be adjusted, we will look at
each gain stage in turn.

Input Stage:

The input stage is a common-base differential amplifier de-
signed to give good rejection of unwanted I.F. output and
detector VCO signals that may be radiated back to the in-
put. The low input impedance of 600 ensures that SAW
filters are terminated sufficiently to keep the TTE better than
40 dB below the signal level, even with low impedance
SAWF's. Because it is a common base stage, the input
stage gain is determined by the source impedance present-
ed to the input. An approximate expression for the gain is
given by Equation (1)

As mentioned earlier, the total system gain desired from the Av = 531/(Zs + 60) 1)
I.F. amplifier input to the video detector output needs to be
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AGC
d
| I | R
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FIGURE 12. Gain Distribution in the L.F. Amplifier
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As an example, if we use a high impedance SAW filter such
as the Murata SAF45 MC series with an output impedance
that can be modelled as a 2.8 k2 resistor in parallel with
8 pF capacitance, our input Zs is 345Q (including 2 pF input
stray capacitance) at 45.75 MHz. From (1), the input stage
gain is 2.4 dB. If a filter is used that matches to the input
stage with 609, then the gain can be as much as 13 dB.

A balanced input is extremely important since the input
leads Pins 6-9 are the most sensitive parts in the system to
unwanted |.F. coupling. For example, if the I.F. output cou-
ples into these pins it can cause changes in the frequency
response and can easily promote oscillation. A spectrum
analyzer is invaluable for helping determine the system sus-
ceptibility to this phenomenon. With the input terminated by
the LF. filter (or an equivalent resistor), the I.F. amplifier
output noise spectrum will show if oscillation is likely
to oceur.

Another signal that can appear at the input is the detector
local oscillator waveform. Unlike quasi-synchronous detec-
tors, the LM1823 has a constant (and relatively high) oscilla-
tor signal for good linear detection, even with low input sig-
nal levels. It is the balance between the input pins to the
VCO radiation pick-up that will determine whether the p.c.b.
layout is good enough. VCO pick-up can cause AFC skew-
ing and assymetrical oscillator pull-in, but probably the most
serious effect is failure of the oscillator to acquire lock at
weak signal levels. This is caused by the fact that the PLL

phase detector sees two input frequencies—the desired I.F.
and the undesired L.O. frequency. As a result the L.O.
“chases itself” and is driven outside the loop acquisition
range.

Again the spectrum analyzer is a useful tool for measuring
the level of VCO pick-up and the degree of improvement
that any circuit modification or component relocation
makes. A good layout will have symmetrical input leads
placed as close together as possible, shielded input coils
(where used) and external components mounted as close to
the 1/C as possible. The DC feedback decoupling capacitor
connected between Pins 6 & 9 should be right against the
pins. The pcb layout shown later, even though it uses an I/C
socket, is able to keep the equivalent VCO input level to
under 2 uVrms. To put this number in perspective, it is
—97 dB compared to the original VCO level. For the mea-
surements, the spectrum analyzer should be connected
through a FET probe at the I.F. output, which is disconnect-
ed from the detector stage. The VCO control pin is ground-
ed, the detector input is de-coupled with a 0.01 uF capacitor
to ground, and a reference signal CW of the order of
100 uVrms is applied at the filter input.

Second and Third Stages

These are easy to handle since they are completely self
contained within the LM1823. The maximum gain is fixed at
17 dB each with 26 dB and 20 dB of gain reduction capabili-
ty respectively.

Fourth Stage

Unlike the preceding stages, the emitters of the fourth differ-
ential amplifier are available at Pins 3 & 4. An internal resist-
ance of 13600 between these pins sets the minimum stage
gain at 4 dB, and under these conditions (Pins 3 & 4 open)
the stage does not provide significant gain reduction with
AGC action. However, when an external resistor is connect-
ed between the emitters, the gain increases. For Pins 3 & 4
shorted together the gain is as much as 18 dB and the stage
can provide up to 14 dB gain reduction with AGC action.
Because of the way in which the total I.F. amplifier gain
reduction is shared between the stages, the effective gain
increase obtained by a resistor between Pins 3 & 4 occurs
only for signals below the AGC threshold. After 20 dB of
system gain reduction the fourth stage is fixed at 4 dB.

Fifth Stage and I.F. Amplifier Output

The fifth and final I.F. amplifier stage has a single-ended
output. There is no internal connection to the detector
stage, permitting convenient isolation of the IF amplifier and
detector functions. Pin 1 is also a point at which any addi-
tional signal filtering may be applied. A resistive load con-
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FIGURE 14. Low Impedance Common Base Input Stage
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nected to the 12V power supply can be used, but the maxi-
mum value is limited in practice to less than 5009 at inter-
mediate frequencies because of stray p.c.b. capacitance
and the loading of the detector stage input impedance of
3 kQ. The stage gain for a total load impedance of Z is given
by Equation (2)

AV = 1Z1/48 )

The last part of the |.F. amplifier concerns the power supply
input at Pin 5. This is a shunt regulated input with a nominal
value of 6.3V and the |.F. amplifier current is delivered
through a dropping resistor from the 12V rail supplying the
remainder of the I/C. The 0.01 uF ceramic r.f. decoupling
capacitor at Pin 5 should be grounded through very short

7

/‘\ F AMP GAN —3d8

YOLTS (PIN 5)
>~

10 20 30

SUPPLY CURRENT (mA)
TL/H/8421-18
FIGURE 17. I.F. Amplifier Voltage
Regulator Current Requirement

leads—preferably on the copper side of the p.c.b. A nominal
current level into Pin 5 is 32 mA, set by a 180Q resistor. This
current should not exceed 60 mA and the minimum current
is about 20 mA, below which the L.F. amplifier will start to
lose gain as Pin 5 voltage drops below the regulated level.

SELECTING THE I.F. GAIN

Clearly the LM1823, with all the gain provided by five I.F.
amplifier stages and with 34 dB detector conversion gain,
has a more than adequate gain margin to provide signal
sensitivity and compensate for interstage filter losses. To
show how this gain may be distributed we can look at a first
cut design example.
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If we continue with the 30 dB gain tuner with a 6 dB N.F.,
using the tuner 759 output to misterminate the SAWF input
will produce a very high insertion loss for the filter. This can
easily be over 30 dB but before using the LM1823 gain ca-
pability to compensate for this loss, we must look at another
aspect of filter insertion loss—the N.F. goes up Previously
we assumed that the tuner N.F. will dominate the system
N.F.—and with a tuner amplifier N.F. of 6 dB and 30 dB gain
this is indeed true. But when the |.F. amplifier and SAWF are
combined the N.F. for the combination exceeds 30 dB. This
degrades the system N.F. to 7 dB* and after 50 dB of I.F.
amplifier gain reduction the N.F. will be over 8 dB. Frequent-
ly this will be alright but it is instructive to consider improving
the SAWF N.F. by matching the tuner output impedance to
the filter or using an impedance matching pre-amp. For ex-
ample, the 10 dB gain pre-amp shown in Figure 18 has a
4 dB N.F. and reduces the filter loss to less than 20 dB.
After 50 dB I.F. amplifier gain reduction, the combined N.F.
is only 27 dB—for a worst case system N.F. of 6.6 dB. In a
dual conversion system with a diode mixer (and already high
N.F.), some gain must be provided prior to the SAWF.

L NFE

(Tuner Gain)
Leaving a 10 dB gain margin over that required to raise a
—6 dBmV signal to the rated detector output, the total gain
requirement of the I.F. amplifier is

75.6dB —30dB + 30dB — 34dB + 10dB = 51.6dB
(0.5 mV — 3V) (tuner) (SAWF) (detector) (gain margin)
(With a 10 dB gain impedance matching amplifier between
the tuner and the SAWF, the gain requirement falls by 20 dB
to 31.6 dB.) To avoid overload in the high gain tuner, we
probably have to start gain reducing the tuner when the
input signal reaches +10 dBmV (but certainly not before
0 dBmV in order to preserve the tuner NF) so that the I.F.
AGC range requirement is approximately 26 dB. This
amount of AGC range can be obtained without a resistor
connected between Pins 4 & 5 putting the fourth stage gain

12v

*NFsystem = NFtuner

100

2N5179

TL/H/8421-19
FIGURE 18. Impedance Matching Pre-amplifier

at 4 dB. The SAWF impedance sets the input stage gain at
3 dB for a total of 41 dB to the input of the final stage. A
1809 resistor at Pin 1 gives the desired last stage gain of
11 dB, or this resistor is reduced to 50 and a 10 dB pad is

inserted between the |.F. amplifier output and the detector
input when a pre-amp is used.

LM1823 VIDEO DETECTOR

The second major function of the LM1823 is the video de-
tector stage, including the AFT/AFC detector and AGC de-
tector/amplifier.

The video detector stage of the LM1823 has a fixed conver-
sion gain of 34 dB—giving a 60 Vrms input level for a 3V
(o-p) detected output. This input level is required for AGC
action to commence and is well below the input level that
can cause intermodulation or catastrophic overload.

Synchronous detection of an amplitude modulated carrier
involves a source of constant amplitude CW with the same
frequency as the signal carrier, and two phase detectors.
One detector is operated in quadrature—i.e. the CW phase
and the signal carrier phase have a 90 degree difference at
the inputs to the phase detector. This detector operates
solely to keep the CW source phase-locked to the signal
carrier. The second phase detector has synchronous or in-
phase inputs so that the detector output responds to the
amplitude difference between the inputs and therefore
tracks the signal amplitude modulation.

The benefits of synchronous detection over envelope de-
tection are well known, and most modern receivers incorpo-
rate a type of detector known as a quasi-synchronous de-
tector, which is a signal amplitude detector. The I.F. signal is
amplified and stripped of modulation in order to be used as
the detector CW. The disadvantages of this type of detector
are the loss of linearity at very low signal inputs (corre-
sponding to peak video modulation) and a fundamental
compromise in the bandwidth of the limiter stage used to
strip the modulation. To maintain ease of tuning and a rela-
tive immunity from center frequency drift caused by temper-
ature changes and aging, the limiter bandwidth is sufficiently
wide that the resulting CW is phase modulated by the infor-
mation on the original I.F. carrier. Since this can generate
intermodulation products, a high Q is desirable and a trade-
off in ease of alignment occurs.

A less obvious problem with this type of detector is the actu-
al static detection phase that is being regenerated. Internal
1/C related phase shifts cause the limited carrier waveform
applied to the detector to be more or less than 0 degrees
phase-shifted with respect to the signal carrier phase. A
loss in detector efficiency results, but if the limiter tuning is
adjusted to compensate for this, the CW phase from the
limiter will depend on the drive to the limiter. The detection
phase then changes with amplitude modulation of the origi-
nal I.F. carrier. The effect of this is observed primarily as
differential phase in the chroma subcarrier signal and in-
creased levels of sound buzz. Although, as discussed later,
the desired phase difference between the detector CW and
signal carrier is not necessarily 0 degrees, the limiter tuning
cannot be used to correct the amplitude modulation detec-
tor phase—the limiter must be center tuned to avoid carrier
phase shifts with modulation level.

The LM1823 overcomes these problems by providing a true
synchronous detector system, which, as the block diagram
shows, comprises of an internal VCO and in-phase and
quadrature phase detectors. The incoming signal from the
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I.F. amplifier is split into two paths. One path is through a
high gain limiter stage which strips the amplitude modulation
from the CW and applies it to one input of the quadrature
phase detector. The other detector input is from the VCO
and, once synchronized to the intermediate frequency, if the
VCO phase deviates from a 90 degree relationship with the
limiter CW phase, a control current is generated by the
phase detector and is filtered at Pin 18 to correct the VCO.
Even though the limiter stage tuned circuit faces the same
compromises of desired narrow bandwidth versus ease and
stability of tuning, the filter at Pin 18 can be made to have a
very narrow bandwidth. Therefore the VCO can provide a
reference signal to the phase detectors with a high degree
of spectral purity. The second path for the I.F. signal is di-
rectly to the in-phase detector. The VCO output passes
through a DC voltage controlled phase shifter before being
applied to this detector. The DC phase shifter allows precise
adjustment of the synchronized VCO phase for maximum
amplitude modulation detection efficiency, and compen-
sates for any internal I/C phase shift variations. At the same
time, proper center-tuning of the limiter coil is possible.

The benefits of center-tuning the limiter are clearly shown
by comparing the differential chroma phase of the LM1823
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FIGURE 21. Relative S/N Ratio with
Limiter Tuning (No SAWF)

with a conventional quasi-synchronous detector. The
LM1823 can consistently produce DP’S of under 1 degree
compared with up to 10 degrees for a quasi-synchronous
detector. There is also a substantial improvement in the
sound carrier S/N ratio. When the limiter is detuned to com-
pensate for internal 1/C phase shifts or for detection phase-
lags to produce video overshoots (for a subjectively crisper
picture), the S/N ratio degrades by 5 dB to 7 dB, depending
on the video modulating signal.
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FIGURE 22. Effect of Limiter Retuning with SAWF

THE LIMITER

The limiter tuned circuit at Pins 24 and 25 is driven by a
differential stage with a 6.6 k2 internal load impedance. A
small signal gain of 50 (with a tuned circuit dynamic resist-
ance of 8 KQ) ensures that full quadrature detector efficien-
cy is obtained with input levels above 10 mVrms, and inter-
nal Schottky diodes limit the maximum amplitude at Pins 24
and 25 to about 500 mV (p-p). Tuning is achieved either for
a peak amplitude signal measured with an F.E.T. probe (low
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capacitance) at Pin 24 or Pin 25 with a 10 mVrms CW input,
or by monitoring the video detector and adjusting for mini-
mum differential chroma subcarrier phase. The latter adjust-
ment will require a signal source modulated with a chroma/
video ramp or stair-step pattern including a 20 IRE level
chroma subcarrier, but does have the advantage that the
adjustment can be made at strong signal levels, and does
not require dis-connection of the tuner.

AFT/AFC CIRCUIT

The AFT phase detector is a doubly-balanced phase detec-
tor with the switching signal provided internally from the lim-
iter stage described previously. The quadrature signal input
is obtained by light external capacitative coupling from the
limiter tuned circuit to the AFT tuned circuit at Pins 23 and
26. Parallel p.c.b. tracks to the limiter and AFT coils will
usually provide sufficient coupling and the 1 pF capacitors
on the LM1823 test circuit (see LM1823 data sheet) are
shown only to illustrate the level of coupling involved. Since
the AFT tuned circuit is driving an amplifier with a differential
input resistance of 20 k), it is able to operate close to the
unloaded Q of the inductor.

20K

ON

TL/H/8421-24
FIGURE 23. AFT Circuit with pcb Coupling
Between the Limiter & AFT Tuned Circuits

The AFT output Pin 27 is driven from a current source so
that the output voltage at the proper center frequency is set
by an external resistive divider network. The parallel resist-
ance of this divider will determine the voltage swing ob-
tained for a given frequency deviation and in combination
with the AFT tuned circuit Q, provides a means to adjust the
AFT output slope.

Once outside the desired tuning range the AFT output volt-
age should stay either close to ground (L.F. frequency high)
or close to the positive supply voltage (I.F. frequency low). If
the voltage moves back towards the center voltage as the
signal moves further away from the desired tuning range,
then more coupling from the limiter tank may be needed.
Grounding Pin 26 through a 2 k€ resistor will defeat the
AFT circuit for receiver fine-tuning purposes. The 2 k2 pro-
vides isolation of the AFT switch & associated cable from
the tuned circuit which has a relatively low dynamic resist-
ance of 1.8 k. Resistor values larger than 2 k) may pre-
vent the circuit from being defeated, but either Pin 23 or Pin
26 can be grounded directly without damaging the 1/C.
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(RLOAD at Pin 27 = 10 kQ2)

THE PHASE LOCKED LOOP (PLL)

For true synchronous operation the LM1823 has an internal
VCO operating at the video intermediate frequency of
45.75 MHz.

A parallel tuned circuit between Pins 19 and 20 will set the
oscillator free-running center frequency and the tuned cir-
cuit dynamic resistance is loaded by an internal 1.5 k re-
sistor. Since the oscillator frequency must be controlled, a
basic tradeoff exists between oscillator stability, control sen-
sitivity and control range. To obtain a control range of over
2 MHz, the working Q of the tuned circuit should be around
15. Increasing the Q by raising the capacitative arm of the
tuned circuit will improve the oscillator stability. This reduc-
es the change in free-running frequency as a result of tem-
perature effects etc. The control sensitivity will decrease
correspondingly and there will be a reduction in the control
range. The control range in the application circuit has been
chosen to cover the expected deviations in the I.F. carrier
that are allowed by AFT circuits. With a coil unloaded Qu of
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FIGURE 25. VCO Control Sensitivity Characteristic
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55, and a working Q of 15, the inductance should be
0.24 uH, which tunes with 51 pF at 45.75 MHz.

The V.C.O. frequency is adjusted by injecting a 60 mVrms
CW at Pin 28. If the VCO tuning (L3) is a long way from
being correct, the detector output Pin 16 will show an AC
signal of about 4V (p-p) centered around 7.5 VDC. As the
oscillator is tuned toward the correct frequency the AC beat
note will decrease and abruptly disappear as the oscillator
locks to the carrier frequency. Final adjustment of the VCO
is done by tuning L3 until the voltage at the phase detector
filter Pin 18 is 4 VDC.

Oscillator control is accomplished by internally phase shift-
ing the currents in a direct cross-coupled differential stage
in response to the control voltage developed at Pin 18. Di-
rect cross-coupling of the bases and collectors of this differ-
ential stage means that the transistors are operating in a
soft-saturated mode, enabling a constant output amplitude
to be obtained of about 500 mV (p-p). This output ampli-
tude does not change with coil tuning or over the frequency
control range of the oscillator. With the specified tuning
components at Pins 19 and 20, the VCO sensitivity is 1.5
MHz/volt. Other general characteristics of the VCO are a
negative temperature coefficient of 150 ppm/degree C, and
a tendency for the oscillator control sensitivity to decrease
with decreasing frequency of operation (below 10 MHz).

The VCO tuning components are mounted across the 1/C
package from the I.F. amplifier input. This minimizes induc-
tive coupling and yields approximately 105 dB isolation for
the I/C alone. Leads and components connected to the I.F.
amplifier input will reduce the VCO isolation (as will higher
operating frequencies).
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Ry + Ry

Ry=
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1KE .

TL/H/8421-27
FIGURE 26. LM1823 VCO Circuit

The quadrature phase detector output is a push-pull current
source so that the control voltage at Pin 18 is determined by
the parallel resistance of the external divider network, which
also sets the quiescent control voltage in the absence of an
LF. signal. This divider voltage should be centered at 4 VDC
since the lower voltage swing for controlling the oscillator
frequency is 2 VDC, and an internal clamp prevents Pin 18
increasing above 5.6 VDC. By using a 20 k() paraliel resist-
ance at Pin 18, the phase detector current of 7.5 uA/degree
gives a phase detector sensitivity (1) of 0.15 volts/degree.
This parallel resistance is equivalent to R1 in the conven-
tional filter for a 2nd order PLL. The oscillator and phase
detector sensitivities given above yield a DC loop gain of
12.9 MHz/radian. For the data sheet value of 10002 for R2,

and a filter capacitor of 0.1 uF, the loop damping factor (K)
is 1.01 and the natural resonant frequency (w) is 32 kHz.
From this we can calculate that the loop —3 dB bandwidth
is 73 kHz which is substantially less than would be practica-
ble with a quasi-synchronous detection system, and this
brings the desired benefits of low luma/sound/chroma
crosstalk and freedom from quadrature distortion produced
by the LF. filter slope characteristic in the vicinity of the
picture carrier frequency. Nevertheless, some signal condi-
tions may cause wider PLL bandwidths to be used. A proba-
ble problem is incidental carrier phase modulation (ICPM).
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FIGURE 27. DC Controlled Phase Shifter Characteristic

This describes the shift in carrier phase as the modulation
depth changes, and is particularly likely to happen where
prior processing of the original carrier waveform has oc-
curred—in distribution or conversion amplifiers employed in
MATYV and cable systems for example. It is also present to
an extent in broadcast transmitters and if the PLL loop
bandwidth is too narrow for the VCO to track this phase
shift, then the ICPM is transferred to the signal modulation.
This can be observed as a tint shift in color bars or a smear
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in the leading edge of a color bar as the VCO belatedly
attempts to track the phase change. For these types of sig-
nals it is desirable to increase the loop bandwidth to about
500 kHz—changing R2 to 680} is an easy fix. The loop
damping factor is kept greater than 1 to avoid ringing on the
phase transients. Larger loop bandwidths will increase the
possibility of luma/sound/chroma crosstalk.

Once the VCO is locked in phase to the I.F. signal, the DC
phase shifter Pin 22 is normally around 4 VDC for peak
detector efficiency. Usually some extra phase lag will be
introduced since a subjectively crisper picture is obtained if
picture transients have an overshoot. Between 12% and
20% overshoot without ringing is desirable, corresponding
to a 400 mV to 800 mV shift in Pin 22 voltage.
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TL/H/8421-30
FIGURE 28. Signal Overshoot Produced
by Carrier Detection Phase Shift

VIDEO DETECTOR POST AMPLIFIER

The response of the video amplifier is rolled off above
9 MHz to minimize the amount of the VCO waveform and its
harmonics appearing in the output at Pin 16. Typical oscilla-
tor products are 40 dB below the desired signal level.

Zener diodes are used in the video amplifiers for level shift-
ing so that the use of PNP transistors is avoided and the
detector linearity is preserved. Excellent differential gain
characteristics are obtained—typically less than 3%. Pin 16
is a Darlington NPN emitter follower output. With no detec-
tor CW input signal, Pin 16 is at 7.6 VDC, representing zero
carrier level which is slightly higher than peak white
(by 1214%). As the CW input increases, Pin 16 voltage de-
creases towards black level with the sync pulses producing
the most negative detector level.

The level reached by the sync tips is determined by the
AGC loop threshold and if the internal AGC comparator is
used (Pin 16 is directly connected to Pin 17), the sync tips
will be clamped at 4 VDC. This produces a nominal detector
output of 3.2V (p-p) but this is subject to variations in the
Pin 16 detected zero carrier level. The resistive network
shown connected between Pin 16 and Pin 17 in Figure 30
can be used to change the zero carrier level at Pin 17 for an
adjustable recovered video level. For best performance the
recovered video level should never be less than 1V (p-p) or
greater than 4V (p-p). In suppressed sync systems, the re-
covered video at Pin 16 is routed to the descrambler for
restoration of the sync amplitude before it is applied to Pin
17. Obviously the signal DC content must be preserved
through the descrambler if proper AGC action is to be main-
tained.

AGC Self Gating Comparator (LM1823)

The AGC comparator input has a low pass filter to protect
the AGC loop from noise interference. Conventional detec-
tor systems often use noise gates to prevent the AGC sys-
tem “backing off” on noise peaks that occur below the sync
tip level. It is difficult to set the noise gate threshold close
enough to the sync tip level for it to provide any benefit
without risking AGC lock-out. For the LM1823 however, syn-
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FIGURE 29. LM1823 Detector and Video Amplifier
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FIGURE 30. LM1823 Self Gating AGC Comparator

chronous detection allows the noise gate to be eliminated.
Since the noise is random phase, the synchronous detector
will not rectify the noise voltage and the low pass filter can
average out the noise input to the comparator.

Further protection of the AGC comparator is provided by
gating the comparator on only during the sync pulse period.
The gate pulse is obtained from the input video waveform
sync pulses at Pin 16. Essentially an emitter coupled sync
stripper circuit, the slice level is set by an external time con-

12v

- TL/H/8421-32

stant at Pin 14. During the sync pulse period the capacitor at
Pin 14 is being charged toward ground potential and the
comparator is gated on. Between sync pulses the capacitor
discharges towards the positive supply voltage through the
resistor and the comparator is off. The sync slice level is
determined by the Pin 14 RC time constant and is given in
Equation (3) as the number of millivolts the slice level is
above the sync tip voltage.

V SLICE = 1/2RC (mV) (3)

12v

150 %450
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FIGURE 31. RF AGC Amplifier
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A typical slice level for a 3V (o-p) video signal is between
100 mV and 250 mV. Different slice levels can be obtained
with other capacitor values (the resistor should be left un-
changed). Small capacitors will allow a faster response to a
fluctuating sync tip level but also may cause the conse-
quently deeper slice to include video overshoots.

RE AGC DELAY AND OUTPUT AMPLIFIER

The I.F. amplifier is at full gain below 4 VDC on Pin 13. At
anywhere from 5.5 VDC to 6.5 VDC we will want to shift gain
control into the R.F. stages, and this is accomplished by a
delayed AGC threshold control at Pin 12. When the filter
voltage on Pin 13 is 0.7V above the pre-set level on Pin 12,
the R.F. AGC amplifier at Pin 11 will start to sink current.

The capacitor shown connected between Pins 12 and 13 is
optional and intended to provide an increase in AGC action

for signal amplitude transients at high R.F. signal levels (tun-
er in gain reduction). AC changes on Pin 13 are coupled to
the threshold level control allowing the I.F. amplifier to gain
reduce (or increase) during the signal transient. This hap-
pens only during the signal change, so that the detected
video returns more rapidly to the proper output levels. Once
signal equilibrium is restored, the appropriate gain balance
between the R.F. and I.F. amplifiers returns.

CONCLUSION

This note has described a high quality video I.F. amplifier/
detector combination that can provide excellent baseband
video signals. A complete schematic of the external compo-
nents required in such an application is shown in Figure 32,
with a suitable p.c.b. layout in Figure 33.
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LM2889 R.F. Modulator

Introduction

Two I/C RF modulators are available that have been espe-
cially designed to convert a suitable baseband video and
audio signal up to a low VHF modulated carrier (Channel 2
through 6 in the U.S., and 1 through 3 in Japan). These are
the LM1889 and LM2889. Both I/C’s are identical regarding
the R.F. modulation function—including pin-outs—and can
provide either of two R.F. carriers with dc switch selection of
the desired carrier frequency. The LM1889 includes a crys-
tal controlled chroma subcarrier oscillator and balanced
modulators for encoding (R-Y) and (B-Y) or (U) and (V) color
difference signals. A sound intercarrier frequency L-C oscil-
lator is modulated using an external varactor diode. The
LM2889 replaces the chroma subcarrier function of the
LM1889 with a video dc restoration clamp and an internally
frequency modulated sound intercarrier oscillator.

Modulation Parameters

In the U.S,, either of two R.F. channels is made available so
that the user can select a vacant channel allocation in his
geographic area, thus avoiding co-channel problems with

National Semiconductor
Application Note 402
Martin Giles

older receivers that have inadequate shielding between the
antenna input and the tuner.

The characteristics of the R.F. signal are loosely regulated
by the FCC under part 15, subpart H. Basically the signal
can occupy the standard T.V. channel bandwidth of 6 MHz,
and any spurious (or otherwise) frequency components
more than 3 MHz away from the channel limits must be
suppressed by more than —30 dB from the peak carrier
level. The peak carrier power is limited to 3 mVrms in 75Q
or 6 mVrms in 300, and the R.F. signal must be hard-wired
to the receiver through a cable. Most receivers are able to
provide noise-free pictures when the antenna signal level
exceeds 1 mVrms and so our goal will be to have an R.F.
output level above 1 mVrms but less than 3 mVrms. Since
the distance from the converter to the receiver is usually
only a few feet, cable attenuation will rarely be a problem,
but mis-termination can change both the amplitude and rel-
ative frequency characteristics of the signal.

The standard T.V. channel spectrum has a picture carrier
located 1.25 MHz from the lower band edge. This carrier is
amplitude modulated by the video and sync signal. In the

SOUND
osc
4 O Vee
MoD
DEPTH
1 *,t_’l‘
> > >
4 S S b
Kkt
AA— (_‘ > RF
| ! » OUTPUTS
SOUND
|" osc
M | vioeo CH 4 CH 3
MoD CLAMP osc osc
woeo o—] | T ¢ ¢
AuDIo O_E__ | QU OO | OOV, |
P e "-_j_
RF < 4 <£ < g
OSCILLATORS $ T < |
2

CHANNEL SELECT
FIGURE 1. The LM2889 Block Diagram With External Components

TL/H/8452-1

2-42




Modulation Parameters (continued)
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FIGURE 2. Television Channel R.F. Spectrum

case of a color signal, a second subcarrier is added
3.58 MHz above the picture carrier. The sound or aural carri-
er is 4.5 MHz above the picture carrier and is frequency
modulated with the audio signal to a peak deviation of 25
kHz. This audio signal has pre-emphasis above 2.1 kHz (a
75 ps time constant). Similar modulation methods and stan-
dards are used in Japan and Europe.

With the picture carrier located near one end of the channel
bandwidth, most of the available spectrum is used by the
upper sideband modulation components. Only modulating
frequencies within 0.75 MHz of the carrier frequency are
transmitted double sideband and the lower sideband is trun-
cated by at least —20 dB compared to the peak carrier level
by the time the lower channel edge is reached. This is re-
ferred to as Vestigial Sideband (VSB) modulation and since
most R.F. modulators are double sideband, a VSB filter is
used at the transmitter output. A filter is needed for each

channel and consists of bandpass and harmonic filter sec-
tions. A broadcast transmitter uses a separate modulator for
the sound carrier and this is added to the picture carrier via
a diplexer before reaching the transmitting antenna. Close
control is maintained on the picture and sound carrier fre-
quencies to keep a 4.5 MHz spacing between them. This
tight frequency control is used to advantage by the majority
of television receivers which employ intercarrier sound cir-
cuits. The L.F. amplifier processes both the pix and sound
I.F. carriers and detects the 4.5 MHz difference frequency at
the video detector stage. This frequency modulated sound
intercarrier is then stripped of amplitude modulation by a
high gain limiter circuit and a quadrature demodulator recov-
ers the audio.

The LM1889 and LM2889 use a slightly different modulation
scheme to that described above for several reasons. For
circuit economy L-C oscillators are used to generate the pix
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FIGURE 4. LM1889/2889 Sound and Video Modulation

carrier frequencies. The stability of such oscillators is good
enough for the AFT circuits in modern receivers to maintain
picture quality, but if a separate L-C sound carrier oscillator
were used, the relative drift of the two carrier frequencies
would be much too great for intercarrier sound receivers.
For example, a typical television sound circuit tuned to
4.5 MHz will generate as much as 3% distortion if the differ-
ence between the R.F. carriers changes by 15 kHz. Apart
from the difficulty of setting the initial frequency with suffi-
cient accuracy, it is unlikely that two L-C oscillators could be
kept within 15 kHz of each other at 60 MHz to 100 MHz
operating frequencies. However, when the audio signal is
modulated onto a 4.5 MHz intercarrier oscillator frequency
and this carrier is used to modulate the picture carrier, we
have only the 4.5 MHz oscillator drift to worry about.

A less obvious problem, but nevertheless significant if good
audio quality is to be obtained, is incidental carrier phase
modulation (ICPM). Even broadcast transmitters cannot
maintain an invariant carrier phase as the modulation depth
changes. Without feedback loops to control ICPM, a broad-
cast transmitter can produce from 3 degrees to as much as
30 degrees phase change as the carrier modulation de-
creases from sync tips to peak white. While the separate
sound carrier is unaffected by this ICPM of the pix carrier,
on reception in the intercarrier sound receiver the phase
shift with picture information is transferred onto the 4.5 MHz
sound intercarrier. This results in a phenomenon known as
sound buzz. Even with exceptionally careful p.c.b. layout, an
1/C modulator with L-C oscillators can expect the pix carrier
frequency to change with modulation depth. Fortunately, by
modulating the sound signal as a 4.5 MHz intercarrier onto
the pix carrier, the ICPM occurs equally in both R.F. carriers
and will not be detected by the intercarrier receiver.

Video Modulation

The baseband input to the modulator is in an easily recog-
nized composite format and this is a convenient point at
which to introduce the I.R.E. scale. This is an oscilloscope
scale divided into 140 units. The video portion of the signal
representing the scene (picture) brightness levels will occu-
py the 0 to 100 I.R.E. portion of the scale, with 0 |.R.E. as
black level and 100 I.R.E. as peak white level. From 0 to

—40 |.R.E. is the synchronization portion of the signal. The
usefulness of this scale is that the standard composite vid-
eo signal will always have a sync amplitude that can be
normalized to 40 I.R.E. Similarly the color burst amplitude is
always 40 I.R.E. For a 1V (p-p) video signal, an |.R.E. unit is
equivalent to 7.5 mV.

Although the video is amplitude modulated on the carrier
waveform, the carrier amplitude only decreases from the
unmodulated level. This contrasts with standard AM where
the carrier level alternately increases and decreases about
the unmodulated level. For a television signal, the peak un-
modulated level corresponds to sync tip level and increas-
ing brightness levels cause decreasing carrier levels. To
prevent complete suppression of the carrier (and conse-
quent loss of the sound intercarrier in the receiver) the peak
white signal is limited to @ maximum modulation depth of
87.5% of the peak carrier. Returning to our |.R.E. scale we
can see that from peak carrier to zero carrier is equivalent to
160 L.R.E. (140/0.875 = 160). One obvious consequence
of this modulation scheme is that the video signal MUST BE
dc coupled to the modulator. AC coupling will cause the
peak carrier level to change with modulation scene bright-
ness (standard AM) and the sync modulation amplitude will
change. This spells trouble for the receiver sync circuits and
the changing R.F. carrier black level will cause errors in dis-
played brightness—the picture will “wash out” or disappear
into black.

The LM2889 uses doubly balanced modulator circuits with
an L-C oscillator switching the upper transistor pairs. The
signal is applied across the lower transistor pairs. If the sig-
nal input pins 10 and 11 are at the same dc potential, the

100 WHITE

=40
TL/H/8452-5
FIGURE 5. Video Modulating Signal
(in terms of the I.R.E. Scale)
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Video Modulation (continued)
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FIGURE 6. LM2889 Video DC Restoration Clamp

carrier is completely suppressed. As the offset voltage be-
tween pins 10 & 11 is increased, the carrier output level
increases. With a 750 output load resistor, the conversion
gain of the R.F. modulator is 20 mVrms/volt. A dc restora-
tion circuit at pin 2 of the LM2889 allows the composite
video to be ac coupled from the preceding stages, giving
the designer flexibility in the video processing circuits (un-
less an LM1886 is being used as a video source, it is unlike-
ly that the composite video dc level will be correct, even
with dc coupled video sources). On a 12V supply, pin 2
clamps the sync tip of the video waveform to 5.1 VDC.
Therefore, if we have a 2V (p-p) signal, one L.R.E. is equiva-
lent to 14.3 mV and 160 I.R.E. is 2.29V. This is the required
offset across the modulator input pins and since pin 11 will

be clamped to 5.1 VDC by the dc restorer circuit, pin 10
should be biassed at 5.1V + 2.29V = 7.4 VDC. A look at
the R.F. carrier output will confirm that now the syncs occu-
py from 100% to 75% of the peak carrier, and that white
modulates the carrier down to 1212% of the peak. To main-
tain the proper modulation depth the clamp at pin 2 will
track with supply voltage changes, allowing the bias at pin
10 to be set with a resistive divider connected between the
supply and ground.

If the video signal polarity is reversed with positive syncs,
either a dc coupled signal or an external dc restorer should
be used that places the signal sync tip voltage towards the
upper end of the common-mode input range at pin 11,
which is 9 VDC with a 12V supply. Pin 10 is then offset
below pin 11 voltage by the required amount for proper
modulation. An input level of 2V (p-p) is optimal. Signal am-
plitudes of less than 1V (p-p) are also useable but internal
offset voltages and the potential for carrier feedthrough or
leakage to the output stage may make it difficult to maintain
good R.F. linearity at peak modulation depths. Signal swings
larger than 3V (p-p) should be avoided since this will pro-
duce relatively large AC/DC current ratios in the modulator
and the resulting modulator non-linearities can cause a
920 kHz beat between the chroma and sound carriers.

Although only one video input is required, the LM2889 has
two balanced R.F. modulators and two R.F. carrier frequen-
cy oscillators. Selection of the carrier frequency is by dc
switching the supply voltage to the relevant oscillator tuned
circuit. This automatically shuts off the other oscillator and
modulator circuits. For test purposes when an output R.F.
VSB filter isn’t used, or when only one carrier frequency is
needed, the output pins 8 and 9 can be wired together with
a common load resistor. Providing two channel operation
with two independent oscillator/modulator circuits is much
superior to using a single modulator and attempting to
change carrier frequency by switching the tuning compo-
nents of a single L-C oscillator. The latter method involves
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FIGURE 7. LM2889 R.F. Modulator and Oscillator (one channel)
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Video Modulation (Continued)

use of isolating diodes (if unbalanced operation with attend-
ant feed through problems is to be avoided) and expensive
trimmer capacitors for tuning the second carrier frequency.
A further disadvantage is the need to switch the VSB filter at
the R.F. output.

The LM2889 oscillator configuration is the familiar cross
coupled differential amplifier type, with level shifting zener
diodes used to prevent the transistors from saturating with
large oscillator output swings. The oscillator frequency is set
by the tuned circuit components (f = 1/27V/LC), and the
load resistors connected to the supply will set the oscillation
amplitude and drive level to the modulators as well as deter-
mining the circuit working Q.

As might be expected, there are conflicting requirements on
the practical range of working Q's. A high Q is desireable
from the viewpoint of stability, but higher working Q’s (set
mainly by larger load resistors) increase the drive level to
the modulator. Above 350 mV (p-p) the modulator will have
attained full conversion gain and the R.F. output level will be
determined by the amplitude of the video input signal. Un-
fortunately increased drive levels will also increase the carri-
er frequency second harmonic output from the modulator.
Although a fully balanced design is used, parasitic capaci-
tances on the emitters of the switching transistor pairs will
rectify the oscillator waveform and this produces high levels
of second harmonic. Load resistors much larger than 2400
can produce a level of second harmonic matching the fun-
damental. Since relatively small load resistors are required
(much smaller than the tuned circuit dynamic resistance)
the working Q will be dominated by these resistors.

The acceptable degree of frequency stability will depend on
the intended application, but L-C oscillators have proven to
be adequate for most purposes. We can gain an idea of the
frequency stability that is possible by considering the fre-
quency drift produced by changes in the oscillator internal
phase. A change in internal phase shift can be caused ei-
ther by temperature or supply voltage changes but, as the
LM2889 data sheet shows, the supply voltage dependency
is low. Between 12V and 15V the frequency is essentially
constant and changes by less than 30 kHz over the entire
supply voltage range. With temperature, the internal oscilla-
tor phase shift changes by about 2 degrees over a 50 de-
gree Celcius temperature range. If the tuned circuit Q is 15,
then at 61.25 MHz (Ch 3 pix carrier) the oscillator frequency
must change by —92 kHz to produce a compensating 2
degree phase shift. If the Q is 30, then the frequency would
change by less than —45 kHz etc.

For high circuit Q, a large capacitance is desireable, but the
inductor cannot be made too small if it is to remain the
tuning element. This keeps the practical range of capaci-
tance values to between 50 pF and 100 pF. Using a 75 pF
capacitance, at 67.25 MHz the required inductance is just
under 0.08 pH and the working Q is 15 with 240Q resistors
connected on either side of the tuned circuit to the supply
voltage. Depending on the coil type, the number of turns for
this inductance will be from 114 to 3, giving over 10 MHz
tuning range. This is more than enough to compensate for
component tolerance and variations in overali internal
phase lag from 1/C to 1/C.

If better frequency stability of the carrier frequency over that
provided by an L/C circuit is needed, then crystal control of
the oscillators can be used. It is necessary to retain the
inductor, since a dc short is required across the oscillator
pins to avoid a collector current imbalance off-setting the

oscillator differential pair and preventing start-up. The induc-
tor value is chosen to resonate with the capacitor in series
with the crystal at slightly less than the desired operating
frequency. About 20% less will allow the inductor to be fixed
tuned. Close to its series resonant frequency (normally the
3rd overtone) the crystal will provide the additional inductive
reactance necessary for the circuit to osciilate. The equiva-
lent resistance of the crystal at the operating frequency will
affect the tuned circuit Q and hence the peak-to-peak drive
to the modulator circuit. Smaller capacitors in series with the
crystal (with corresponding changes in the inductor value)
will push the operating frequency closer to anti-resonance
and produce large equivalent resistances dropping the os-
cillator drive level. Larger capacitance values cause the op-
erating frequency to approach series resonance and a lower
equivalent resistance (approaching Rg for the crystal, which
is of the order of 402 to 10092 at 60 MHz). This can produce
higher drive levels but risks operation at the lower over-
tones. To.prevent lower frequency oscillation a resistor can
be connected across the crystal. Also a small resistor in
series with one of the collector leads will form a low pass
filter with the output capacitance and suppress spurious os-
cillations at higher frequencies. If this is needed, resistor
values less than 30 should be used, so that dc offsets will
not prevent the oscillator from starting. For the circuit of
Figure 8, capacitor values between 20 pF and 56 pF, with
the appropriate inductor value, work well with only slightly
reduced oscillator drive compared to the conventional L/C
circuit.
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FIGURE 8. R.F. Crystal Oscillator Circuit

The Sound Carrier Oscillator

Before moving to the R.F. output and the VSB requirements,
we need to look at another signal that will be added to the
baseband video—the aural intercarrier. Both the LM1889
and the LM2889 have L-C sound carrier oscillators operat-
ing at 4.5 MHz. Frequency modulation of the LM1889 sound
oscillator is achieved by an external varactor diode which
alters the tuning capacitance in response to the amplitude
of the audio signal. The LM2889 has a similar tuned L-C
oscillator but the frequency deviation is obtained by internal-
ly phase shifting the oscillator current. This is done by a low
pass filter connected to the oscillator which provides a lag-
ging phase voltage component of the oscillator waveform at
the input to a differential amplifier. The current output from
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this amplifier is controlled by the audio signal amplitude so
that more or less of the current (now in quadrature to the
original oscillator current) is added back to the tuned circuit
L producing the desired shift in the output frequency. Phase
T offsets of up to +12 degrees with increasing audio input
levels will yield very low audio distortion (less than 0.2%).
Also the use of a lagging oscillator waveform component
reduces harmonic levels within the oscillator and a reduced
possibility for undesired signals contaminating the R.F.
¥y 1/0° + 1/90° waveform.

The tuned circuit operating Q is important in two respects.
Y il

A 4

Similar to the R.F. oscillator tuned circuits, the 4.5 MHz

. tuned circuit should have a high loaded Q for stability, but
‘& the circuit bandwidth must also be wide enough to accom-
4.5 MHz l modate the FM sidebands produced by the audio modula-
OSCILLATOR tion. For a maximum frequency deviation (Af) and maximum
modulating frequency f, the minimum bandwidth is given by
+500 Equation (1).
1 AUDIO B-W > Af (2.5 + 4f/Af) (1)
The other requirement is that the maximum phase deviation
B 1 AUDIO of the oscillator current is able to produce the maximum
frequency deviation (Af) of the carrier. This is given by
1 & — Equation (2).
Af =45 x 108 X 0.12/Q 2)
-900 TL/H/8452-9 Table | summarizes the results of calculating the maximum
FIGURE 9. LM2889 Sound Carrler FM Modulator circuit Q that satisfies Eguations (1) and (2) .fOF the various
monaural sound modulating standards used in the U.S. and
Europe.
TABLE |
Modulation Q
System Af max
Bandwidth [ yodulation | Deviation
USA Mono 25 kHz 125 kHz <36 <21
Stereo 73 kHz 400 kHz <12 <7.4
UK 50 kHz 200 kHz <30 <15
Continental
Europe 30 kHz 150 kHz <36 <22
INTERCARRIER
QUTPUT <4 12v
13 55pF 14

!
N f

Ll Y

1d o

—AAA
"

- - TL/H/8452-10
FIGURE 10. LM2889 4.5 MHz Sound Oscillator and Modulator
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Sound Modulation (continued)

Clearly the deviation phase offset dominates the circuit Q
requirement.

If we choose a Q of around 10 then the oscillator drift with
temperature (assuming a 2 degree phase change in oscilla-
tor current with a 50 degree rise in temperature) is of the
order of —9 kHz. A typical receiver will generate less than
3% distortion at peak deviations with this much frequency
drift but if better performance is required, then the circuit Q
can be raised. High modulation linearity will still be retained
with a Q of 20 and the oscillator maximum frequency drift
will be halved. Alternatively temperature compensated tun-
ing capacitors can be used (between N20 and N75). When
higher circuit Q’s than 20 are employed, increased audio
input levels will produce the desired peak frequency devia-
tions but with the possibility of increased modulation distor-
tion. The actual operating parameters that are selected can
be balanced between distortion as a result of modulation,
and distortion in the receiver circuits as a result of oscillator
frequency drift.

To ensure that we have a sufficient 4.5 MHz oscillator level
to provide enough drive to the internal phase shift circuit,
the load impedance at pin 13 should be greater than 3.5 k{2.
A second requirement is that we have enough oscillator lev-
el to generate the desired aural carrier amplitude when
modulated on the picture carrier. This means that load im-
pedances greater than 6 k) are desireable. At 4.5 MHz, a
typical oscillator coil of 23 pH will have an unloaded Q of 55
and tune with 55 pF. For a working Q of 10, the external
damping resistor is 7.5 k).

Stereo Sound

The introduction in the U.S. of a multiplex stereo sound sys-
tem (the BTSC system combining the Zenith MCS proposal
with dbx noise reduction in the stereo difference channel)
with peak carrier deviations in excess of 73 kHz puts even
larger constraints on the tank circuit Q. Following the same
rules as before, the maximum allowable Q for low distortion
is now less than 7.4—with a loaded Q of 5 being likely. With
this loaded Q, maintaining a carrier center frequency accu-
racy better than 5 kHz with an L/C circuit becomes impracti-

cal and other methods to set the oscillator frequency must
be used. Since a crystal will provide the necessary tempera-
ture and voltage stable reference frequency a PLL is a use-
ful solution (see Figure 17). Either the widely available 3.58
MHz crystals or a 4.5 MHz crystal can be used, but in either
case, the L/C tank circuit frequency must be divided down
before application to the phase detector. This is because
frequency modulation of the sound carrier will produce
many radians of phase deviation at the phase detector in-
put—for a modulation frequency of 100 Hz and a peak devi-
ation of 73 kHz the carrier phase change is given by Equa-
tion 3.

6 = Af/fm = 73 X 103/100 = 730 rads (3)

Since the linear input range of most phase detectors is less
than 2 7r radians, the modulated carrier input must be divid-
ed down by at least 233 to keep the phase deviation within
this linear range. For a 4.5 MHz crystal, the reference fre-
quency divider M and the sound oscillator divider N are the
same. Available ripple counters such as the 74HC4040 and
74HC4060 can easily divide by 128 (for monaural) or by 256
for stereo. If a 3.58 MHz crystal is used the M:N divider ratio
is 35:44 requiring substantially more packages, and the odd
numbered divider must be followed by an even divide of 2 or
4 to “square up” the input waveform to the phase detector.
Also, since the video will include a chroma subcarrier, good
isolation is needed to prevent the reference oscillator beat-
ing with the chroma sidebands.

A suitable phase detector is the 74C932 Exclusive- Or type
with a sensitivity of 1.6 volts/radian. The filter at the detec-
tor output prevents the input modulation from reaching the
varactor diode and distorting the audio. Even so, the loop
filter must have some ac bandwidth for a reasonable acqui-
sition time and other dynamic characteristics. The compo-
nents shown in Figure 11 have been chosen such that with
a varactor sensitivity of 100 kHz/volt the loop has a hold-in
range of over + 150 kHz, with a lock-up time of less than 0.5
seconds. The T.H.D. is less than 1% for a 400 Hz modulat-
ing frequency producing 25 kHz deviation of the carrier. The
accuracy of the sound carrier frequency is, of course, that of
the crystal used for the reference oscillator.

|
8 6 lor 74C932 I?‘ZLNBJS
Ie1 lcz 74HC4040
Ics 74HC4060
2 34
150k AR MV1408
I AAA
S
S «
Vee © b
+5V "
s —tvass o il
+2
13 14
+N I +M 1 +256 =
2 a LTy .
1
8 10 —I(—n-"" F s 10 AN
I_ [_I 10M ul_' XTAL:4.5 MHz
)
= e T 4
62pF 62pF
T T T
FROM PIN 13
LM2889 = = TL/H/B452-11

FIGURE 11. 4.5 MHz Crystal Reference Circulit
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Carrier Modulation

With the proper tuned circuit Q (see Table 1), a linear in-
crease in the amplitude of the audio signal will produce a
correspondingly linear increase in the frequency deviation.
Television receiver sound circuits in the U.S. have a 75 us
de-emphasis and in Europe frequencies above 3.2 kHz
(50 ps) are de-emphasized at a 6 dB/octave rate. This is
done to help improve the S/N ratio of FM reception and the
transmitter incorporates the complementary pre-emphasis
characteristic—above 2.1 kHz the audio frequencies are
boosted at a 6 dB/octave rate. The consequence of this
modulation scheme is that if a 0 dB peak signal amplitude at
15 kHz is capable of producing a 25 kHz deviation than a
similar amplitude signal at 400 Hz will produce a peak devia-
tion of only 3 kHz—a loss of some 18 dB in S/N ratio for the
midband frequencies. Broadcasters usually employ com-
pressors to enable high modulation levels to be obtained at
mid-band frequencies without overmodulating high frequen-
cies. If the audio input to the LM2889 is being sourced from
an original broadcast (a scrambled signal decoder output for
example) than this audio—without de-emphasis—can be di-
rectly applied to pin 1 of the LM2889, and the overall input
level is adjusted so that the modulation limits are not ex-
ceeded except for brief intervals (less than 10 instances per
minute). When the audio has not already been processed a
different set of conditions will apply and an audio pre-em-
phasis network is required at pin 1.

4
N
LM2889 L
20 \— — | ¢ "'
= ’
'—
Rm =1K6
15
RELATIVE T-RC
AMPI(.‘I;’UDE = 22,1103
@B) 4o
| =18dB
T=75uS
5
T=50uS
0
100 1K 10K

TL/H/8452-12
FIGURE 12, Audio Pre-emphasis

Since the audio source is likely to be at a relatively low
impedance (a pre-amplifier output), the pre-emphasis net-
work will also be used to attenuate the level of the average
audio input to the LM2889 as well as providing a relative
boost to the higher frequencies. The input sensitivity of the
audio modulator is 150 Hz/mV . which means that
118 mVrms will give a peak deviation of 25 kHz.

Next we have to decide what signal frequency and ampli-
tude to use in calibrating the audio input. Unfortunately the
75 ps time constant for FM broadcasting was chosen at a
time when equipment limitations meant there was relatively
low spectral energy at higher frequencies. Today, modern
audio material is not well suited to boosting above 2.1 kHz
since energy peaks at only —6 dB can be obtained at
10 kHz. A further complication is the ability of the audio level
meter to predict high energy peaks. if a conventional VU

meter is used, peak levels of + 10 dB are possible while the
meter is indicating OVU. Obviously without processing the
audio to keep it within predstermined limits, the input level
calibration will be somewhat empirical in nature.

If we assume the decrease in spectral energy above 10 kHz
is such that overmodulation peaks above this frequency are
unlikely to occur, then we can allow a signal at 10 kHz to
produce full modulation deviation. Since the amplitude of
most audio signals at 10 kHz is at least 6 dB below the
midband frequency level, we can calibrate the audio input
with a —6 dB amplitude, 10 kHz tone to produce 100%
deviation. As we shall see later, a frequency close to 10 kHz
will make the measurement of actual peak deviations very
easy indeed. With the standard pre-emphasis network, at
signal frequencies less than 2 kHz, the modulating signal
amplitude at pin 1 will be —8 dB below the anticipated peak
10 kHz level producing 100% modulation. This corresponds
to a modulator input level of 118/2.2 = 45.4 mVrms. The

45MHz
I
1
|
|
|
A
NO MODULATION
—» je— 10.4KHz
|
C
WA \_A
—d v —

INCREASING MODULATION
A F=25KHz

N
A4

APPROACHING CARRIER NULL
TL/H/8452-13
FIGURE 13. FM Spectrum with Increasing
Audio Amplitude (f mod = 10.4 kHz) 4.5 MHz
Sound Carrier Level
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Audio Processing For Sound

Carrier Modulation (continued)

input resistance at pin 1 is 1.5 kQ so R1 = 30 kQ, if we
assume an input source level of 1 Vrms at 400 Hz. Fora 2.1
kHz breakpoint, C = 0.0027 pF.
Anyone who has observed the output from an FM circuit
with a spectrum analyzer will know that for a fixed modulat-
ing frequency the output spectrum will consist of the carrier
frequency component and sidebands spaced by the modu-
lating frequency from the carrier. As the modulation ampli-
tude is increased (the modulation index m becomes larger),
the carrier decreases to a null and then increases again.
The modulation indices for which carrier nulls occur can be
calculated and for our purposes it is important to know that
the first carrier null occurs at m = 2.4048. For a system
maximum deviation of 25 kHz the modulating frequency f is
given by:

f = 25 X 103/2.4048 = 10.4 kHz 4)

Therefore, if we use an input frequency of 10.4 kHz, as the
input amplitude is increased the first carrier null will indicate
peak deviation. If we continue with our assumption of a
—6 dB level at 10 kHz, calibration consists of adjusting the
audio input so that a —6 dB, 10.4 kHz signal causes the first
carrier null. With the above pre-emphasis network, this
should correspond to 500 mVrms at 10.4 kHz.

We have already looked at the tuned circuit parameters at
pin 13 in terms of deviation linearity and oscillator stability.
With a working Q of 10, the effective load at pin 13 is
6.2 k2. The oscillator current is 0.45 mA so that the output
amplitude at 4.5 MHz is 3.6V (p-p). Some portion of this
oscillator signal level is coupled over to pin 10 to set the
sound carrier level and this can be done by splitting the
external 7.5 k2 damping resistor into two parts. The picture
carrier level is set by the offset voltage between pins 10 and
11 as described earlier. For a 2V (p-p) video signal this off-
set is 2.3V. Since the 4.5 MHz signal will be ac coupled over
to the bias pin 10, it will amplitude modulate the picture RF

] 4

55pF

13

LM 2889

12v

22pH

carrier. This is conventional AM and a 4.6V (p-p) signal will
yield sound carrier sidebands at —6 dB relative to the pic-
ture carrier. If we require a sound carrier amplitude at
~17 dB, the signal coupled to pin 10 must be 11 dB below
4.6V (p-p), or 1.3V (p-p). This is obtained by using a 4.7 k0
resistor coupled through a 0.1 pF capacitor to pin 10, and a
second 2.7 kQ resistor connected to the wiper arm of the
potentiometer used to set the video modulation depth. The
effect of the potentiometer setting on the aural carrier level
is eliminated by a 0.1 pF capacitor connected from the wip-
er arm to ground. However, since the impedance presented
by the potentiometer will, for all practical purposes, be rela-
tively constant, the capacitor could be removed and the par-
allel resistance of the upper and lower arms of the potenti-
ometer network used to provide the second resistor of
2.7 k. If the video input level is well controlled, it may be
possible to replace the potentiometer with a fixed divider.

The final part of the design concerns the output stage, and
involves meeting the constraints applied by any regulatory
agency. In the U.S., apart from the need to restrict the peak
carrier output level to less than 3 mVrms in 754, we have
two signals present in the output whose level will exceed
the spurious emission limit of —30 dB with respect to the
peak carrier level. One of these signals is the result of am-
plitude modulating the 4.5 MHz intercarrier audio on the pic-
ture carrier. Apart from the desired —17 dB sound carrier
amplitude (upper sideband) an equal amplitude lower side-
band will be present. For channel 3 this is at a frequency of
56.75 MHz—which is 250 kHz outside our channel lower
limit. Therefore we need to provide at least 13 dB more
attenuation at this frequency in the output filter. The second
unwanted emission (or emissions) is the result of carrier fre-
quency harmonics—specifically the 2nd harmonic level pro-
duced by high modulator drive. To suppress this, from
—18 dB to —30 dB attenuation at 123 MHz is required.

(VIDEO LEVEL 2V (P=P) )

12v 12V 12v
6K8 2K
LSS ke
10KQ 3K9

TL/H/8452-14

FIGURE 14. Audio Intercarrier Coupling to the Video Modulator R.F. Output and V.S.B. Filter
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Carrier Modulation (continued)

With a properly constituted baseband signal modulating the
carrier, these are the only intrinsic unwanted emissions we
are concerned with. Normal video modulation components
appearing in the lower sideband will not have sufficient am-
plitude and do not extend beyond the lower channel limit.
Even so, the filter requirements are not trivial.

It L-C filters are used, this can be done with three coils per
channel but some alignment procedure will be required. For-
tunately SAW filters are available from several sources
which, although more expensive than the equivalent L-C fil-
ter, avoid the cost of production alignment. Usually the SAW
filter will have a substantially greater insertion loss, but the
LM2889 has enough output level to compensate for this.
Both single channel and dual channel filters are available
and in the latter case the LM2889 dual oscillator/modulator
configuration enables easy dc switching between channels.
A coil may be required, connected across the SAWF input,
to tune out the SAWF input capacitance.

The load resistors connected to pins 8 and 9 will set the
LM2889 conversion gain, which for 750 is typically
20 mVrms R.F. carrier per volt offset at the input pins 10
and 11. The actual load will include the input resistance of

12v
o
750
1800 10
LM 2889 8
1.75
INDUCTORS sH
CAPACITORS pF ]
s:[
12v O P P .
0.47 uH
S
wa g Zawa
001
|
-
[
c 4
7
9 8 0.01
L 2889 CHANNEL 3 AND 4

the filter. Since the output of the filter will normally be termi-
nated in 759 to match the cable (and provide triple transit
echo suppression for a SAWF), the best way to choose the
load resistor is to monitor the output to the cable and apply
a dc offset between pin 10 and 11 that is equivalent to the
expected video input. The resistor is then chosen to give the
desired peak carrier level of 2.5 mVrms. The carrier should
be unmodulated since downward modutlation will reduce the
mean carrier level by as much as 2-3 dB.

If the offset voltage between pin 10 and 11 is reduced, a
check can be made on the residual carrier level at the out-
put. This residual level is the result of oscillator feedthrough
in the modulators and external coupling from the oscillator
tuned circuits. The residual carrier level is normally better
than —26 dB below the peak carrier level, ensuring good
modulation linearity. High levels of residual carrier can be
caused by coupling through ground or power supply leads.
A good technique to minimize the effect of unwanted pick-
up is to decouple the supply voltage to pin 8 and 9 load
resistors over to the output connector shield ground. This
removes at the output any carrier signal on the supply line to
the load resistors.

CHANNEL 3 FILTER

750

TL/H/B452-15

FIGURE 15. Vestigial Sideband Filters
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Audio Processing For Sound Sources: SAWFs
Crystal Technology, Inc.

Carrier Modulation (continued) 1035 E. Meadow Circle

12v Palo Alto, CA 94303
Kyocera International, Inc.
8611 Balboa Ave.

San Diego, CA 92123
MuRata Corp. of America
1148 Franklin Rd. S.E.
Marietta, GA 30067

CRYSTALS
Saronix
4010 Transport at San Antonio Rd.
Palo Alto, CA 94303

- COILS

Toko America, Inc.

5520 W. Touhy Ave.

Skokie, lll. 60077

>
<

>
Jm0a

1‘ <
FILTER .

8
LN 2839 L ¢
<
001

SUPPLY / OUTPUT DECOUPLING

A A4

TL/H/8452-16
FIGURE 16. R.F. Decoupling at the Output
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TL/H/8452-17
FIGURE 17. Complete R.F. Modulator External Circuit
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APPENDIX A: Related Datasheets

The table below lists a series of other products/functions that may have interest and which are available as datashests from

National Semiconductor.

Product Number
DP85101/FVG101

DP85108/FVG108

DP85450/FVG450

DP85453/FVG453

DP85176-50/DAC0630

DP85176-35/DAC0631

NS32CG16
LH4002
LH4003
LH4004
LH4101

LM592
LM675
LM1203
LM1211
LM1578
LM1823
LM1875
LM1881
LM1884
LM1886
LM1889
LM2889
LM6161
LM6164
LM6165
LMC555
APPLICATION NOTES

Note No.
AN-391

AN-402

VIDEODACTM and RAMDACT are trademarks of Brookiree Corporation.

Product Description
50 MHz Triple 8-Bit VIDEODAC™™
Pin Equivalent to Brooktree BT101
300 MHz 8-Bit VIDEODAC
Pin Equivalent to Brooktree BT108
70 MHz Triple 4-Bit RAMDAC™
with 16 x 12 Color Palette
Pin Equivalent to Brooktree BT450
40 MHz Triple 8-Bit RAMDAC
with 256 x 24 Color Palette
Pin Equivalent to Brooktree BT453
50 MHz Triple 6-Bit VIDEODAC
Pin Equivalent to INMOS 176
35 MHz Triple 6-Bit VIDEODAC
Pin Equivalent to INMOS 176
High Performance Printer Processor
Wideband Video Buffer
Precision RF Closed Loop Buffer
Wideband FET Input Buffer Amplifier
Wideband High Current Operational
Amplifier
Differential Video Amplifier
Power Operational Amplifier
RGB Video Amplifier System
Broadband Demodulator SSC129
Switching Regulator
Video IF Amplifier/PLL Detection System
20W Power Audio Amplifier
Video Sync Separator
TV Stereo Decoder
TV Video Matrix D to A
TV Video Modulator
TV Video Modulator
High Speed Operational Amplifiers
High Speed Operational Amplifiers
High Speed Operational Amplifiers
CMOS Timer

Description
The LM1823—A High Quality TV Video
IF Amplifier and Synchronous Detector
for Cable Receivers
LM2889 R.F. Modulator
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imensions
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All dimensions are in inches (millimeters)

0.385-0.394
(9.779-10.008)
NOAaAAARRA
0.228 ~0.244
(5.791 -6.198)
jo)
LEADNO.T 71 2 3 4 s & 1 8
IDENT
0.020
{0.508)
0.150-0.158
(3.810-4.013)
017 L053-00860 0.004-0.010
—f \ 0437 ﬂ'-l' (1.346-1.753) _(O.WZ-U‘HG)
x45° ‘ AFTER LEAD FiNISH
ALI.I.UDS S r \
I 1
_L_:J) 1 i s B
J L 0.024-0.031 ‘ ?
(0.610-0.787)
0.007-0.010 0.050 0.014-0.019
TVPII.LLEADS
1 M1GA RES €
ALLLEAIJ'IIPS
NS Package M16A
0.843-0.870
0.090
—— 2141-22.10
;‘% 228611 ¢ '
OIANOM N e R [ 6
{2x) T
0.250 +0.005
PIN NO. 1 1DENT i
\@ @ {8350 20.127)
0.280 e
- {7112 | g030 [OEBRERORORONGND
a0-0320 | G282 0040
{T520-8.128) 0065  0.080 e 0.130 +0.005
een (15280 'Typ—_l l‘— {3302 :0.127) i
| Pymape g | y—— }- -
f 0.145-0.200
{ 13.663-5.080)
0.009-0.015

95°+6° AA/

(0.228-0.381)

90 +4° 0.020

007520015 _| __H_ 001810003 0. 125-0 140 “'Mslg‘“)
0.325 0040 {1.905 =0.381) {0457 0.07g) (3-175-3.556)
-0.015
—T 2.100 +u 010
(8255 *1380) {2.54020.250)
N18A (REV E)
NS Package N16A




0
=
<
7]
4 SPACES AT s
% 0.045 D
’ .143) o
x45° g
HHHH 0.080
‘_"3 ULHHAY (2.032) g
[ (- DIA NOM 7]
PEDESTAL [
= Q= )
A . - @] 150 VIEWA-A )
* LIHHRHAE
4 SPACES AT oA p
0.050 I 0.226
{1.210) (5.740)
NOM
SQUARE
0.310-0.330 | _ _
(7.874—8.382)
(CONTACT DIMENSION)
0.013-0.018
T 0as0—-0.45m)
0.026-0.032 | W
(0.660—-0.813) 0020
{ T i {0.508)
- L mN
Il
m—:‘?‘%—f il 188“ AT oo32-000
T s (== 0.813-1.015)
(2.642-2.997) 0.350 0.165-0.180
o @151-a512)
PINNO.1 REF SO
IDENT 0.385-0.395
(9.779-10.03)
DUARE V20A (REV J)
NS Package V20A
6 SPACES AT
0.050
{1z "_
0.130
[oeT]
\ ik
NOM
18 PEDESTAL
-
[~ O -]
SSPACESAT  d L 0.328 VIEW AL
0.050 [ 1- 2 (8.280)
(1.210) NOM SQUARE
b @) E__t
LN
0.045 | < 2128 0.048
g AT i -
x48° x45°
0.410~0.430
(10.41-10.92)
SQUARE
(CONTACT DIMENSION)
0.020 - 0.013-0.018
0.032-0040  {0.508) (0.330-0457)  0.185-0.180
(0.813-1.018) MIN e (4.191~4.572)
18° + {
y —— {1
| 0.005-0.015 o ?
0.127-0.381)
muno. 1 4 0.028-0.032 f 0.904-0.118
‘mm RTINS R vy
0.450 e
ma)
REF 50
0.435-0.485
2321287
SQUARE V28A (REV G)
NS Package V28A

3-5



imensions

Physical D

0.526

0.050
(.2m)

—_—

L_TEO
10 SPACES AT

0.050 =0.500
(1.270=12.70)
et

20

{13.36)
NOM
10 SPACES AT
<— 0.050=0.500 —|
(1.270=12.70)
0.230
{5.842)

DIA NOM
(PEDESTAL) | 55

|O "

0.526
{13.36)
NOM

Q )

E

el
L

f = 11s 14 M
0.045 | 0085 0050
(1143) BaNTETO {.27) (1183)
REF
0.610-0.630
< (15.49-16.00)
0.032-0.040 0.020 SQUARE 0.165-0.180
©813-1.016)  {0.508) (CONTACT DIMENSION) 0.013-0.018 (4.191-4.572)
MAX MIN [ 0 25T MAX
) {0.330-0.457)
Iy | Ty
= - n
?_,._}: gifs
0.005~0.015 —
azT 8381 T ooz-00s ’ 0.104-0.118
—] o 0.026-0.032 0.104-0.118
T w0~ -0 813) {2.662-2.997)
0.650
* {16.51)
REF SO
0885085
(17.40~17.65) VA4A (REV M)
SQUARE
NS Package V44A
0.020
| 0.050=0.500 0.508)
1.270=20.32) uN | fa D045
0.050 16 SPACES AT 0.104-0.118 ] (1)
; 2542 2.997
REF { N ¥
L Y
10— [}
) 0.045
(1.143)
0.013-0.018 0.950
0.330— ﬁ 457
0100930 | &7 .
0.050=0.800 {#11-262) 008520995
(1.210=20.32) ‘SQUARE 0.885-0.995
16 SPACES AT CONTACT 25.02-25.27)
DIMENSION SQUARE
0% s
0.330 (1.210) = ¥
(8.382) ReF Pl — A
DA NOM I | o.02-0.032
PEDES 28— = fr )
) v
0.032-0.040
I'_ 0.826 ! B3 -1.016)
(20.98) | 0.165-0.180
Nok 0.005-0.015 @9 4sm)
o |
(0.127-0.381)
VB8A (REV G}
NS Package V68A

3-6




1.190+0.008 LL.X
[EXx) {1820)
30 M
L 0.104-0 118
2sz-2en
0.020
10.508) |
[
i . .
0.085
- |"'<1.m)
NOM
15 d I
e 112040010 ] 1150 3
= . asz08) ] ) d
- 1) —] REF 80 b
) 3 CONTACT —
= DIMENSION — LEAD N, 1 IDENT
o —] o
= — {1.524)
™ — DA
o 0.042-0.048 r— ou 00420048
p o (esT-1.219) — ) (1.067-1.219)
=" " ] 01850100
(] ! wwom |
2 0.047-0.053 n f 0,00 0.045 _/ | 01830180 0.004 o0u2-008 | L_ 1
(- 1) 821143 g e1-472) (0.107) ros7-1.219)
REF [ AL VEWAA
20 SPACES AT v
0.047-0.03 0.005-0.018
199148 ! T GarT-038)
% A A I VIA (REV )
NS Package V84A

suoisuawiq [esisAud




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




National
Semiconductor

Bookshelf of Technical Support Information

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical
literature.

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and
section contents for each book.

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this
bookshelf.

We are interested in your comments on our technical literature and your suggestions for improvement.
Please send them to:

Technical Communications Dept. M/S 23-200
2900 Semiconductor Drive

P.O. Box 58090

Santa Clara, CA 95052-8090

For a recorded update of this listing plus ordering information for these books from National’s Literature Distribution operation,
please call (408) 749-7378.

ALS/AS LOGIC DATABOOK—1987

Introduction to Bipolar Logic ® Advanced Low Power Schottky ® Advanced Schottky

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987

SSI/MSI Functions e Peripheral Functions ¢ LSI/VLSI Functions ® Design Guidelines  Packaging

CMOS LOGIC DATABOOK—1988

CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes ® MM54HC/MM74HC
MM54HCT/MM74HCT @ CD4XXX ¢ MM54CXXX/MM74CXXX ¢ Surface Mount

DATA CONVERSION/ACQUISITION DATABOOK—1984

Selection Guides ¢ Active Filters ® Amplifiers ® Analog Switches ¢ Analog-to-Digital Converters
Analog-to-Digita! Display (DVM) ¢ Digital-to-Analog Converters ® Sample and Hold ® Sensors/Transducers
Successive Approximation Registers/Comparators ® Voltage References

DATA COMMUNICATION/LAN/UART DATABOOK—Rev. 1

LAN IEEE 802.3 ® High Speed Serial/IBM Data Communications ® ISDN Components ¢ UARTs
Modems e Transmission Line Drivers/Receivers

INTERFACE DATABOOK—1988

Transmission Line Drivers/Receivers ® Bus Transceivers ® Peripheral Power Drivers ® Display Drivers
Memory Support ¢ Microprocessor Support ® Level Translators and Buffers ® Frequency Synthesis ® Hi-Rel Interface

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC
DATABOOK—1983

Transmission Line Drivers/Receivers ® Bus Transceivers ® Peripheral/Power Drivers

Level Translators/Buffers e Display Controllers/Drivers ¢ Memory Support ® Dynamic Memory Support
Microprocessor Support ® Data Communications Support ® Disk Support ® Frequency Synthesis
Interface Appendices ® Bipolar PROMSs ¢ Bipolar and ECL RAMs ¢ 2900 Family/Bipolar Microprocessor
Programmable Logic

INTUITIVE IC CMOS EVOLUTION—1984

Thomas M. Frederiksen's new book targets some of the most significant transitions in semiconductor technology since the
change from germanium to silicon. /ntuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and
the development of new circuit topologies. The author’s latest book is a vital aid to engineers, and industry observers who need
to stay abreast of the semiconductor industry.




INTUITIVE IC OP AMPS—1984

Thomas M. Frederiksen'’s new book, /ntuitive IC Op Amps, explores the many uses and applications of different IC op amps.
Frederiksen’s detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning
concepts of the op amp. Mr. Frederiksen'’s latest book is a vital aid to engineers, designers, and industry observers who need to
stay abreast of the computer industry.

LINEAR APPLICATIONS HANDBOOK—1986

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit
applications using both monolithic and hybrid circuits from National Semiconductor.

Individual application notes are normally written to explain the operation and use of one particular device or to detail various
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index.

LINEAR 1 DATABOOK—1988

Voltage Regulators ® Operational Amplifiers ® Buffers ® Voltage Comparators ® Instrumentation Amplifiers ¢ Surface Mount

LINEAR 2 DATABOOK—1988

Active Filters ® Analog Switches/Multiplexers ® Analog-to-Digital ® Digital-to-Analog ® Sample and Hold
Sensors ¢ Voltage References ¢ Surface Mount

LINEAR 3 DATABOOK—1988

Audio Circuits ® Radio Circuits ® Video Circuits ® Motion Control ® Special Functions ® Surface Mount

LINEAR SUPPLEMENT DATABOOK—1984

Amplifiers ® Comparators ¢ Voltage Regulators ® Voltage References ® Converters ¢ Analog Switches
Sample and Hold ¢ Sensors ¢ Filters ¢ Building Blocks ® Motor Controllers ¢ Consumer Circuits
Telecommunications Circuits ® Speech ¢ Special Analog Functions

LS/S/TTL DATABOOK—1987

Introduction to Bipolar Logic ® Low Power Schottky ® Schottky ® TTL ® Low Power

MASS STORAGE HANDBOOK—Rev. 2

Winchester Disk Preamplifiers ® Winchester Disk Servo Control ® Winchester Disk Pulse Detectors
Winchester Disk Data Separators/Synchronizers and ENDECs e Winchester Disk Data Controller
SCSI Bus Interface Circuits ® Floppy Disk Controllers

MEMORY SUPPORT HANDBOOK—1986

Dynamic Memory Control ® Error Checking and Correction ® Microprocessor Interface and Applications
Memory Drivers and Support

NON-VOLATILE MEMORY DATABOOK—1987

CMOS EPROMs ¢ EEPROMs e Bipolar PROMs

SERIES 32000 DATABOOK—1986

Introduction ¢ CPU-Central Processing Unit ® Slave Processors ® Peripherals ® Data Communications and LAN’s
Disk Control and Interface ¢ DRAM Interface ® Development Tools ® Software Support ® Application Notes

RANDOM ACCESS MEMORY DATABOOK—1987
Static RAMs ® TTL RAMs » TTL FIFOs ® ECL RAMs




RELIABILITY HANDBOOK—1986

Reliability and the Die ® Internal Construction ® Finished Package ® MIL-STD-883  MIL-M-38510

The Specification Development Process ® Reliability and the Hybrid Device ® VLSI/VHSIC Devices
Radiation Environment e Electrostatic Discharge ® Discrete Device ® Standardization

Quality Assurance and Reliability Engineering ® Reliability and Documentation ® Commercial Grade Device
European Reliability Programs e Reliability and the Cost of Semiconductor Ownership

Reliability Testing at National Semiconductor ¢ The Total Military/ Aerospace Standardization Program
883B/RETS™ Products ¢ MILS/RETSTM Products ® 883/RETST™ Hybrids ¢ MIL-M-38510 Class B Products
Radiation Hardened Technology ® Wafer Fabrication ¢ Semiconductor Assembly and Packaging
Semiconductor Packages ® Glossary of Terms ¢ Key Government Agencies ® AN/ Numbers and Acronyms
Bibliography ¢ MIL-M-38510 and DESC Drawing Cross Listing

TELECOMMUNICATIONS—1987

Line Card Components ¢ Integrated Services Digital Network Components ¢ Modems
Analog Telephone Components ® Application Notes

THE SWITCHED-CAPACITOR FILTER HANDBOOK—1985

Introduction to Filters ® National’'s Switched-Capacitor Filters e Designing with Switched-Capacitor Filters
Application Circuits e Filter Design Program ® Nomographs and Tables

TRANSISTOR DATABOOK—1982

NPN Transistors ® PNP Transistors ® Junction Field Effect Transistors ® Selection Guides ® Pro Electron Series
Consumer Series ® NA/NB/NR Series ® Process Characteristics Double-Diffused Epitaxial Transistors
Process Characteristics Power Transistors ® Process Characteristics JFETs ® JFET Applications Notes

VOLTAGE REGULATOR HANDBOOK--1982

Product Selection Procedures ® Heat Flow & Thermal Resistance e Selection of Commercial Heat Sink
Custom Heat Sink Design ® Applications Circuits and Descriptive Information ® Power Supply Design
Data Sheets

48-SERIES MICROPROCESSOR HANDBOOK—1980

The 48-Series Microcomputers ® The 48-Series Single-Chip System e The 48-Series Instruction Set
Expanding the 48-Series Microcomputers ® Applications for the 48-Series ® Development Support

Analog |I/0 Components ® Communications Components @ Digital /O Components ¢ Memory Components
Peripheral Control Components




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS

ALABAMA
Arrow Electronics
1015 Henderson Rd.
Huntsville, AL 35818
(205) 837-6955
Bell industries

1031 Putnam Drive, Suite A

Huntsville, AL 35816
(205) 837-1074
Hamilton/Avnet

4940 Research Drive NW
Huntsville, AL 35805
(205) 837-7210

TWX: 810 726 2162

Pioneer Technology

4825 University Square

Huntsville, AL 35805

(205) 837-9300

TWX: 810 726 2197
ARIZONA

Anthem Electronics
1727 E Weber Dr.
Tempe, AZ 85281
(602) 966-6600

Arrow Electronics
4134 East Wood St.
Phoenix, AZ 85040
(602) 437-0750
TWX: 910 951 1550

Bell Industries

1705 W. Fourth St.
Tempe, AZ 85281
(602) 966-7800
TWX: 910 950 0133
Hamilton/Avnet

30 South McKemy
Chandler, AZ 85226
(602) 231-5100
TWX: 66 7450

CALIFORNIA—Northern

Anthem Electronics
1040 East Brokaw Rd.
San Jose, CA 95131
(408) 295-4200

TWX: 910 338 2038

Anthem Electronics
4700 Northgate Blvd.
Suite 165
Sacramento, CA 95834
(916) 922-6800

TWX: 510 101 1419
Arrow Electronics
521 Weddell Drive
Sunnyvale, CA 94089
(408) 745-6600

TWX: 910 339 9371

Belt Industries

1161 North Fairoaks Ave.
Sunnyvale, CA 94086
(408) 734-8570

TWX: 910 339 9378

Bell Industries

500 Giuseppe Ct. Suite 6
Roseville, CA 95678
(916) 969-3100

Hamilton/Avnet

1175 Bordeaux
Sunnyvale, CA 94086
(408) 743-3355
TWX: 910 339 9332

Hamilton/Avnet

4103 Northgate Blvd.
Sacramento, CA 95834
(916) 925-2216

Time Electronics

1339 Moffet Park Dr.
Sunnyvale, CA 94089
(408) 734-9888

TWX: 172233

Zeus Components Inc., Reg 6
N CA/OR/WA/CO/
UT/NE/NM/ & AZ

1580 Old Oakland Rd. #C205
San Jose, CA 95181

(408) 998-5121

CALIFORNIA—Southern

Anthem Electronics
9369 Carroll Park Dr.
San Diego, CA 92121
(619) 453-9005
TWX: 910 335 1515
Anthem Electronics

1 Oldfield Dr.

frvine, CA 92718
(714) 768-4444
TWX: 910 595 1583

Anthem Electronics
20640 Bahama St.
Chatsworth, CA 91311
(818) 700-1000

TWX: 910 493 2083

Arrow Electronics
9511 Ridgehaven Ct.
San Diego, CA 92123
(619) 565-4800

TWX: 910 335 1195
Arrow Electronics
2961 Dow Ave.
Tustin, CA 92680
(714) 838-5422

TWX: 910 595 2860

Arrow Electronics
19748 Dearborn St.
Chatsworth, CA 91311
(818) 701-7500

TWX: 910 493 2086

Avnet Electronics

350 McCormick Ave.
Irvine Industrial Complex
Costa Mesa, CA 92626
(714) 754-6050

TWX: 910 595 1928

Bell Industries

306 E. Alondra Bivd.
Gardena, CA 90248
(213) 515-1800

Bell Industries

12322 Monarch St.
Garden Grove, CA 92641
(714) 895-7801

TWX: 910 596 2362

Bell Industries

1829 Dehavilland Suite A
Thousand Oaks, CA 91320
(805) 499-6821

TWX: 910 321 3799
Hamilton Electro Sales
3170 Pullman Street
Costa Mesa, CA 92626
(714) 641-4159

Hamilton Electro Sales
9650 DeSoto
Chatsworth, CA 91311
(818) 700-0440
Hamilton/Avnet
1361B West 190th St.
Gardena, CA 90248
(213) 217-6751

Hamilton/Avnet

4545 Viewridge Avenue
San Diego, CA 92123
(619) 571-7510

TWX: 695 415
Hamilton/Avnet

3002 East G Street
Ontario, CA 91764
(714) 989-4602

Time Electronics

370 South Crenshaw Bilvd.
Suite E-104

Torrance, CA 90503-1727
(213) 320-0880

TWX: 910 349 6650

Time Electronics
2410 E. Cerritos Ave.
Anaheim, CA 92806
(714) 934-0911

TWX: 910 591 1234
Time Electronics
8525 Arjons Drive
San Diego, CA 92126
(619) 586-1331

TWX: 858902

Time Electronics

9751 Independence Ave.
Chatsworth, CA 91311
(818) 998-7200

TWX: 910 380 6274

Zeus Components Inc., Reg 5

San Fernando Valley
5236 Colodny Drive
Agoura Hills, CA 91301
(818) 889-3838

Zeus Components Inc., Reg 5H

All Hughes
22700 Savy Ranch Pkwy.
Yorba Linda, CA 92686

Zeus Components Inc., Reg 8

S CA, SG VLY, OC, SD CTY
22700 Savy Ranch Pkwy.
Yorba Linda, CA 92686
(714) 921-9000

COLORADO

Anthem Electronics

373 Inverness Dr. South
Englewood, CO 80112
(3083) 790-4500

Arrow Electronics
7060 S Tucson Way
Suite 136

Englewood, CO 80112
(303) 790-4444

TWX: 910 931 2626

Bell Industries

8155 W. 48th Avenue
Wheatridge, CO 80033
(303) 424-1985

TWX: 910 938 0393

Hamilton/Avnet

8765 E Orchard Road #708
Englewood, CO 80111

(303) 779-9998

TWX: 810 935 0787

CONNECTICUT

Arrow Electronics

12 Beaumont Rd.
Wallingford, CT 06492
(203) 265-7741

TWX: 710 476 0162

Hamilton/Avnet
Commerce Drive
Commerce Park
Danbury, CT 06810
(203) 797-2800
Anthem Electronics
170 Research Parkway
Meridan, CT 06450
(203) 237-2282

Pioneer Northeast
112 Main St.
Norwalk, CT 06852
(203) 853-1515
TWX: 710 468 3378
Time Electronics
1701 Highland Ave.
Cheshirs, CT 06410
(203) 271-3200
TWX: 910 380 6270

FLORIDA

Arrow Electronics

400 Fairway Drive
Deerfield Beach, FL 33441
(305) 429-8200

TWX: 510 955 9456

Arrow Electronics

37 Skyline Drive #3101
Lake Mary, FL 32746
(407) 323-0252

Bell Industries

10810 72nd St. North #201
Suite 201

Largo, FL 33543

(813) 541-4434

Bell Industries

638 South Military Trail
Deerfield Beach, FL 33442
(305) 421-1997

Hamilton/Avnet

6801 N.W. 15th Way

Ft. Lauderdale, FL 33309
(305) 971-2900

TWX: 510 956 3097
Hamilton/Avnet

3197 Tech Drive North
St. Petersburg, FL 33702
(813) 576-3930

TWX: 810 863 0374
Hamilton/Avnet

6947 University Bivd.
Winter Park, FL 32792
(305) 628-3888

Pioneer Technology

221 North Lake Blivd.
Altamonte Springs, FL 32701
(305) 834-9090

TWX: 810 853 0284

Pioneer Technology

674 South Military Trial
Deerfield Beach, FL 33441
(305) 428-8877

TWX: 510 955 9653




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continued)

FLORIDA (Continued)

Zeus Components Inc., Reg 4
FL, GA, AL, MI, SC & TN
1750 West Broadway
Oviedo, FL 32765

(305) 365-3000

GEORGIA

Arrow Electronics

3155 Northwoods Parkway
Suite A

Norcross, GA 30071

(404) 449-8252

TWX: 810 766 0439

Bell Industries
6690-C Jones Mill Ct.
Norcross, GA 30092
(404) 662-0923

Hamilton/Avnet

5825D Peach Tree Corner E
Norcross, GA 30092

(404) 447-7500

Pioneer Technology
3100F Northwoods Place
Norcross, GA 30071
(404) 448-1711

TWX: 810 766 4515

ILLINOIS

Anthem Electronics

180 Crossen Ave.

Elk Grove Village, IL 60007
(312) 640-6066

Arrow Electronics

1140 West Thorndale Avenue
Itasca, IL 60143

(312) 250-0500

TWX: 910 222 0351

Bell Industries

515 Busse Road

Elk Grove Village, Il 60007
(312) 640-1910

TWX: 910 223 4519

Bell Industries

730 West Kilarney
Urbana, IL 61801
(217) 328-1077
Hamilton/Avnet

1130 Thorndale Ave.
Bensenville, Il. 60106
(312) 860-7780

Pioneer Electronics

2171 Executive Dr., Suite 200

Addison, IL 60101

(312) 495-9680

TWX: 810 222 1834
INDIANA

Advent Electronics Inc.
8446 Moller Rd.
Indianapolis, IN 46268
(317) 872-4910

TWX: 810 341 3228

Arrow Electronics
2495 Directors Row
Suite H

Indianapolis, IN 46241
(317) 243-9353

TWX: 810 341 3119
Bell Industries

3606 E. Maumee Ave.
Fort Wayne, IN 46803
(219) 423-3422

TWX: 810 997 0701

Bell Industries—Graham Div.
133 S Pennsylvania St.
Indianapolis, IN 46204

(317) 834-8202

TWX: 810 341 3481

Hamilton/Avnet
485 Gradle Dr.
Carmel, IN 46032
(317) 844-9333
TWX: 810 260 3966
Pioneer-Indiana
6408 Castleplace Drive
Indianapolis, IN 46250
(317) 849-7300

IOWA

Advent Electronics

682 58th Ave. Court SW.
Cedar Rapids, |IA 52404
(319) 363-0221

TWX: 910 525 1337

Arrow Electronics

375 Collins Rd. N.E.
Cedar Rapids, 1A 52402
(319) 395-7230

TWX: 910 493 2086

Bell Industries

1221 Park Place N.E.
Cedar Rapids, IA 52402
(319) 395-0730

Hamilton/Avnet

915 33rd Avenue S.W.

Cedar Rapids, I1A 52404

(319) 362-4757
KANSAS

Arrow Electronics

8208 Melrose Dr.

Suite 210

Lenexa, KS 66214

(913) 541-9542

Hamilton/Avnet

9219 Quivira Rd

Overland Park, KS 66215

(913) 888-8900

Pioneer Standard
10551 Lackmann Road
Lenexa, KS 66215
(913) 492-0500

MARYLAND

Arrow Electronics
8300 Guilford Dr.
Columbia, MD 21045
(301) 995-0003
TWX: 710 236 9005

Hamilton/Avnet
6822 Oak Hall Lane
Columbia, MD 21045
(301) 995-3500
TWX: 710 862 1861

Anthem Electronics
9020-A Mendenhall Court
Columbia, MD 21045
(301) 964-0040

TWX: 710 862 1909
Pioneer Technology

9100 Gaither Road
Gaithersburg, MD 20877
(301) 921-0660 .
TWX: 710 828 0545

Time Electronics
9051 Red Branch Rd.
Columbia, MD 21045
(301) 964-3090

TWX: 710 862 2860

Zeus Components Inc., Reg 2
MD, DE, VA, WVA,

NC, RAYTHEON

8930 Route 108

Columbia, MD 21045

(301) 997-1118

MASSACHUSETTS

Arrow Electronics

25 Upton Drive
Wilmington, MA 01887
(617) 935-5134

TWX: 710 393 6770
Gerber Electronics
128 Carnegie Row
Norwood, MA 02062
(617) 769-6000

TWX: 710 336 1987

Hamilton/Avnet
10D Centennial Dr.
Peabody, MA 01960
(617) 531-7430
TWX: 710 393 0382

Anthem Electronics
38 Jonspin Road
Wilmington, MA 01887
(617) 657-5170

TWX: 710 332 1387
Pioneer Northeast

44 Hartwel! Avenue
Lexington, MA 02173
(617) 861-9200

TWX: 710 326 6617
Time Electronics

10 A Centennial Drive
Peabody, MA 01960
(617) 532-6200

TWX: 710 393 0171

Zeus Coomponents Inc., Reg 1A
MA, RI, VT, NH, ME & CANADA
429 Marrett Rd.

Lexington, MA 02173

(617) 863-8800

MICHIGAN

Arrow Electronics

3510 Roger Chaffes
Memorial Bivd. S.E.
Grand Rapids, Ml 49508
(616) 243-0912

Arrow Electronics
755 Phoenix Dr.

Ann Arbor, Ml 48108
(313) 971-8220
TWX: 810 223 6020

Bell Industries

814 Phoenix Dr.

Ann Arbor, MI 48104
(313) 971-9093
Hamilton/Avnet

2215 29th St. S.E.

Grand Rapids, MI 49508 '
(616) 243-8805

TWX: 810 273 6921

Hamilton/Avnet

32487 Schoolcraft Road
Livonia, Ml 48150

(313) 522-4700

Pioneer Standard

4505 Broadmoor S.E.
Grand Rapids, MI 49508
(616) 698-1800

TWX: 510 600 8456

Pioneer Standard
13485 Stanford
Livonia, Ml 48150
(313) 525-1800
TWX: 810 242 3271

R. M. Electronics
4310 Roger B Chaffee
Wyoming, Ml 49508
(616) 531-9300
MINNESOTA

Anthem Electronics

10025 Valley View Rd. #160
Eden Prairie, MN 55344
(612) 944-5454

Arrow Electronics

5230 73rd Street

Edina, MN 55435

(612) 830-1800

TWX: 910 576 3125
Hamilton/Avnet

12400 Whitewater Dr.
Minnetonka, MN 55343-9421
(612) 932-0600

TWX: 910 572 2867
Pioneer-Twin Cities

7625 Golden Triangle Dr.
Suite G

Eden Prairie, MN 55344
(612) 935-5444

TWx: 910 576 2738

MISSOURI

Arrow Electronics
2380 Schuetz Road
St. Louis, MO 63146
(314) 567-6888
TWX: 910 764 0882

Hamilton/Avnet

13743 Shoreline Ct.-East

Earth City, MO 83045

(314) 344-1200

TWX: 910 762 0627

Time Electronics

330 Sovereign Ct.

St. Louis, MO 63011-4491

(314) 391-6444

TWX: 810 760 1893
NEW HAMPSHIRE

Arrow Electronics

3 Perimeter Rd.
Manchester, NH 03103
(603) 668-6968

TWX: 710 220 1684

Bell Industrios—C & H Div.
19 Park Avenue

Hudson, NH 03051

(603) 882-1133

TWX: 710 228 8959

Hamilton/Avnet

444 Industrial Dr.
Manchester, NH 03102
(603) 624-9400

NEW JERSEY—Northern

Arrow Electronics

6 Century Drive
Parsippany, NJ 07054
(201) 575-5300

TWX: 710 734 4403

Hamilton/Avnet

10 Industrial Rd.
Fairfield, NJ 07006
(201) 575-3390
TWX: 710 734 4409




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continued)

NEW JERSEY—Northern
(Continued)
Anthem Electronics
311 Rt. 46 West
Fairfield, NJ 07006
{201) 227-7960
TWX: 710 734 4312
Nu Horizons Electronics
39 Route 46
Pinebrook, NJ 07058
(201) 882-8300
Pioneer
45 Route 46
Pine Brook, NJ 07058
(201) 575-3510
TWX: 710 734 4382

NEW JERSEY—Southern

Arrow Electronics

6000 Lincoln Drive East
Marlton, NJ 08053
(609) 596-8000

TWX: 710 897 0829

Hamilton/Avnet

One Keystone Ave.
Cherry Hill, NJ 08003
(609) 424-0100
TWX: 710 940 0262

NEW MEXICO

Alliance Electronics Inc.
11030 Cochiti S.E.
Albuquerque, NM 87123
(505) 292-3360

TWX: 910 989 1151

Arrow Electronics

2460 Alamo Ave. S.E.
Albuquerque, NM 87106
(505) 243-4566

TWX: 810 989 1679
Bell Industries

11728 Linn N.E.
Albuquerque, NM 87123
(505) 292-2700

TWX: 910 989 0625

Hamilton/Avnet

2524 Baylor Drive S.E.
Albuquerque, NM 87106
(505) 765-1500

TWX: 910 989 1631

NEW YORK—Upstate

Arrow Electronics

3375 Brighton-Henrietta
Townline Rd.
Rochester, NY 14623
(716) 427-0300

TWX: 510 253 4766

Hamilton/Avnet
103 Twin Oaks Drive
Syracuse, NY 13206
(315) 437-2641
TWX: 710 541 1506

Hamilton/Avnet
2060 Town Line Road
Rochester, NY 14623
(716) 475-9130
TWX: 510 253 5470

Pioneer Northeast

68 Corporate Drive
Binghamton, NY 13904
(607) 722-9300

TWX: 510 252 0893

Pioneer Northeast
840 Fairport Rd.
Fairport, NY 14450
(716) 381-7070
TWX: 510 253 7001
Summit Electronics
916 Main Street
Buffalo, NY 14202
(716) 887-2800
TWX: 710 522 1692

Summit Electronics

292 Commerce Drive

Rochester, NY 14623

(716) 334-8110

Time Electronics

6075 Corporate Dr.

East Syracuse, NY 13057

(315) 432-0355

TWX: 510 100 6192
NEW YORK—Metro Area

Arrow Electronics

20 Oser Ave.

Hauppauge, NY 11788

(516) 231-1000

TWX: 510 227 6623

Hamilton/Avnet

833 Motor Parkway
Hauppauge, NY 11788
(516) 434-7413
Harilton/Avnet Export Div.
1065 Old Country Rd., #211A
Westbury, NY 11590

(516) 997-6868

Anthem Electronics

400 Oser Ave.

Hauppauge, NY 11787
(516) 273-1660

TWX: 510 227 1042

Nu Horizons Electronics
6000 New Horizons Blvd.
Amityville, NY 11701
(516) 226-6000

Pioneer

60 Crossways Park West
Woodbury, NY 11797
(516) 921-8700

TWX: 710 326 6617

Time Electronics

70 Marcus Boulevard
Hauppauge, NY 11788
(515) 273-0100

TWX: 858881

Zeus Components Inc., Reg 1
NY/ROCK/NJ/E PA/ CT
100 Midland Ave.

Port Chester, NY 10573
(914) 937-7400

Zeus Components Inc., Reg 1B

Long Island/NYC

2110 Smithtown Ave.
Ronkonkoma, NY 11779
(516) 737-4500

NORTH CAROLINA

Arrow Electronics
5240 Greens Dairy Rd.
Raleigh, NC 27604
(919) 876-3132

TWX: 510 928 1856

Arrow Electronics

938 Burke Street

Winston-Salem, NC 27101

(919) 725-8711

TWX: 610 931 3169

Hamilton/Avnet

3510 Spring Forest Road

Raleigh, NC 27601

(919) 878-0810

TWX: 510 928 1836

Pioneer Technology

9801-A Southern Pine Blvd.

Charlotts, NC 28210

(704) 527-8188

TWX: 810 621 0366
OHIO

Arrow Electronics
7620 McEwen Rd.
Centervills, OH 45459
(513) 435-5563

TWX: 810 459 1611
Arrow Electronics
6238 Cochran Rd.
Solon, OH 44139
(216) 248-3990

TWX: 810 427 9409

Bell Industries

444 Windsor Park Drive
Dayton, OH 45459
(513) 435-8660

Bell Industries
Micro-Mil Division
118 Westpark Road
Dayton, OH 45459
(513) 434-8231
TWX: 810 459 1615

CAM/OHIO Electronics

749 Miner Road

Highland Heights, OH 44143
(216) 461-4700

TWx: 810 427 2976

Hamilton/Avnet
954 Senate Drive
Dayton, OH 45459
(513) 439-6700
TWX: 810 450 2531

Hamilton/Avnet

30325 Bainbridge Rd., Bldg. A
Solon, OH 44139

(216) 831-3500

TWX: 810 427 9452

Hamilton/Avnet
777 Brooksedge Blvd.
Westerville, OH 43081
(614) 882-7004

Pioneer Standard
4800 East 131st Street
Cleveland, OH 44105
(216) 587-3600

TWX: 810 422 2210

Pioneer Standard
4433 Interpoint Bivd.
Dayton, OH 45424
(513) 236-9900
TWX: 810 459 1683

Zeus Components Inc., Reg 3
Dayton (DESC)

2912 Springboro St., Ste. 106
Dayton, OH 45439

(914) 937-7400

OKLAHOMA

Arrow Electronics
12111 E. 51st Street
Tulsa, OK 74146
(918) 252-7537

Hamilton/Avnet
12121 East 515t St.
Suite 102A

Tulsa, OK 74146
(918) 262-7297

Quality Components

3158 South 108th East Ave.
Suite 274

Tulsa, OK 74146

(918) 664-8812

Radio Inc.

1000 South Main Street
Tulsa, OK 74119

(918) 587-9123

TWX: 49 2429

OREGON

Almac-Stroum Electronics
1885 N.W. 169th Place
Beaverton, OR 97006
(503) 629-8090

TWX: 910 467 8743
Anthem Electronics

9705 S.W. Sunshine Ct.
Suite 900

Beaverton, OR 97005
(503) 643-1114

Arrow Electronics
1800 N.W 167th Place
Suite 145

Beaverton, OR 97006
(503) 645-6456

TWX: 910 464 0007
Bell Industries

6024 S.W. Jean Rd.
Lake Oswego, OR 97034
(503) 241-4115

TWX: 910 455 8177

Hamilton/Avnet

6024 S.W. Jean Rd.
Bldg. C, Suite 10

Lake Oswego, OR 97034
(503) 635-7850

PENNSYLVANIA—Eastern

Arrow Electronics

650 Seco Rd.
Monroeville, PA 15146
(412) 856-7000

TWX: 710 797 3894

CAM/RPC IND Electronics
620 Alpha Drive

RIDC Park

Pittsburgh, PA 15238
(412) 782-3770

TWX: 710 795 3126
Hamilton/Avnet

2800 Liberty Ave.
Pittsburgh, PA 15227
(412) 281-4150




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continued)

PENNSYLVANIA—Eastern
(Continued)
Anthem Electronics
101 Rock Road
Horsham, PA 19044
(215) 443-5150

Pioneer Technology
261 Gibraltar Road
Horsham, PA 19044
(215) 674-4000
TWX: 610 665 6778
Pioneer-Pittsburgh
259 Kappa Drive
Ridgepark
Pittsburgh, PA 15238
(412) 782-2300
TWX: 710 795 3122

Time Electronics

600 Clark Ave.

King of Prussia, PA 19406
(215) 337-0900

TWX: 845317

TENNESSEE

Bell Industries

Instate: (800) 752-2050

Out of State: (800) 433-8301
TEXAS

Arrow Electronics

3220 Commander Dr.
Carrollton, TX 75006
(214) 380-6464

TWX: 910 860 5377
Arrow Electronics

2227 West Braker Lane
Austin, TX 78758

(512) 835-4180

TWX: 910 874 1348

Arrow Electronics

10899 Kinghurst Dr.
Suite 100

Houston, TX 77099
(713) 530-4700

TWX: 910 880 439
Hamilton/Avnet

2111 West Walnut Hill Ln.
Irving, TX 75062

(214) 550-7755

TWX: 07 32359
Hamilton/Avnet

4850 Wright Road # 190
Staford, TX 77477

(713) 240-7733

TWX: 910 881 5523
Hamilton/Avnet

1807A West Braker Lane
Austin, TX 78758

(512) 837-8911

TWX: 910 874 1319

Pioneer Electronics
1826 Kramer Lane
Suite D

Austin, TX 78758
(512) 835-4000
Pioneer Standard
13710 Omega Road
Dallas, TX 75240
(214) 386-7300
TWX: 910 860 5563

Pioneer Electronics
5853 Point West Drive
Houston, TX 77036
(713) 988-5555

TWX: 910 881 1606

Quality Components
1005 Industrial Blvd.
Sugarland, TX 77478
(713) 240-2255
TWX: 910 881 7251

Quality Components
2120M Braker Lane
Austin, TX 78758
(512) 835-0220
TWX: 910 874 1377

Quality Components
4257 Kellway Circle
Addison, TX 75001
(214) 733-4300
TWX: 910 660 5459

Zeus Components Inc., Reg 7

TX, AR, OK, LA, KS, MO, |0, NE

1800 N. Glenville Rd.
Richardson, TX 75081
(214) 783-7010

UTAH

Anthem Electronics

1615 West 2200 South #A
Salt Lake City, UT 84119
(801) 973-8555

Arrow Electronics

1946 W. Parkway Bivd,

Salt Lake City, UT 84119

(801) 973-6913

Bell Industries

3639 West 2150 South

Salt Lake City, UT 84120

(801) 972-6969

Hamilton/Avnet

1585 West 2100 South

Salt Lake City, UT 84117

(801) 972-4300

TWX: 910 925 4018
WASHINGTON

Almac-Stroum Electronics
14360 S.E. Eastgate Way
Bellevue, WA 98007 .
(206) 643-9992

TWX: 910 444 2067
Anthem Electronics

5020 148th Ave. N.E.
Suite 103

Redmond, WA 98052
(206) 881-0850

TWX: 910 997 0118

Arrow Electronics
19450 68th Ave. South
Kent, WA 98032

(206) 575-4420

TWX: 910 444 2034
Hamilton/Avnet

14212 North East 21st
Bellevue, WA 88005
(206) 453-5844

WISCONSIN

Arrow Electronics
200 N. Patrick Blvd.
Brookfield, Wl 53005
(414) 792-0150
TWX: 810 262 1193
Bell Industries

W227 N913 Westmound Ave.
Waukesha, WI 63186
(414) 547-8879
TWX: 910 262 1156
Hamilton/Avnet
2975 Moorland Rd.
New Berlin, WI 63151
(414) 784-4516

Taylor Electric

1000 West Donges Bay Road
Megquon, WI 53092

(414) 241-4321

TWX: 910 262 3414

CANADA

Electro Sonic Inc.

1100 Gordon Baker Road
Willowdale, Ontario M2H 383
(416) 494-1666

TWX: 06 525295
Hamilton/Avnet

2550 Boundary Rd. #105
Burnaby, B.C., V5M 320
(604) 437-6667

Hamilton/Avnet

2816 21st N.E.

Calgary, Alberta T2E 622
(403) 250-9380

TWX: 03 827642
Hamilton/Avnet

2795 Rue Halpern

St. Laurent, Quebec H4S 1P8
(514) 335-1000

TWX: 610 421 3731

Hamilton/Avnet -

6845 Redwood Drive 3, 4, 5
Mississauga, Ontario L4V 1T1
(416) 677-7432"

TWX: 610 492 8867

Hamilton/Avnet

190 Colonnade Rd.
Nepean, Ontario K2E 7L5
(613) 226-1700

TWX: 053 4971

Semad Electronics Ltd.
243 Place Frontenac

Pointe Claire, Quebec HOR 4Z7

(514) 694-0860

Semad Electronics Ltd.
3700 Gilmore Way #210
Burnaby, B.C. V5G 4M1
(604) 438-2515

Semad Electronics Ltd.

75 Glendeer Dr, S.E. #210
Calgary, Alberta T2H 288
(403) 252-5664

Semad Electronics Ltd.
1827 Woodward Dr. #303
Ottawa, Ontario K2C OR3
(613) 727-8325

Zentronics

8 Tilbury Ct.

Brampton, Ontario L6T 374
(416) 451-9600

TWX: 06 97678

Zentronics

Edmonton Sales Office
Edmonton, Alberta TEN 1B2
(403) 468-8306

Zentronics

11400 Bridgeport Rd., Unit 108
Richmond, B.C. V6X 1T2
(604) 273-5575

TWX: 04 355844

Zentronics

155 Colonade Rd. So.
Units 17 & 18

Nepean, Ontario K2E 7K1
(613) 226-8840

Zentronics

817 McCaffrey St.

Ville St. Laurent, Quebec H4T 1N3
(514) 737-9700

Zentronics

93-1313 Border St.

Winnipeg, Manitoba R3H 0X4
(204) 694-1957

Zentronics

Waterloo Sales Office
Waterloo, Quebec H4T 1N3
(800) 387-2320

Zentronics

Saskatoon Sales Office
Saskatoon, Alberta R3H 0X4
(306) 955-2207

Zentronics

6815 8th St. N.E.

Suite 100

Calgary, Alberta T2E 7H7
(403) 272-1021

TWX: 04 355844




SALES OFFICES

ALABAMA
Huntsville
(205) 837-8960
(205) 721-9367
ARIZONA
Tempe
(602) 966-4563
B.C.
Burnaby
(604) 435-8107
CALIFORNIA
Encino
(818) 888-2602
Inglewood
(213) 645-4226
Roseville
(916) 786-5577
San Diego
(619) 587-0666
Santa Clara
(408) 562-5900
Tustin
(714) 259-8880
Woodland Hills
(818) 888-2602
COLORADO
Boulder
{303) 440-3400
Colorado Springs
(303) 578-3319
Englewood
(303) 790-8090
CONNECTICUT
Fairfield
(203) 371-0181
Hamden
{(203) 288-1560

FLORIDA
Boca Raton
(305) 997-8133
Orlando
(305) 629-1720
St. Petersburg
(813) 577-1380

GEORGIA
Atlanta
(404) 396-4048
Norcross
(404) 441-2740
ILLINOIS
Schaumburg
(312) 397-8777
INDIANA
Carmel!
(317) 843-7160
Fort Wayne
(219) 484-0722
IOWA
Cedar Rapids
(319) 395-0090
KANSAS
Overland Park
(913) 451-8374
MARYLAND
Hanover
(301) 796-8900

MASSACHUSETTS
Burlington
(617) 273-3170
Waltham
(617) 890-4000
MICHIGAN
W. Bloomfield
(313) 855-0166

MINNESOTA
Bloomington
(612) 835-3322
(612) 854-8200
NEW JERSEY
Paramus
(201) 599-0955

NEW MEXICO
Albuquerque
{505) 884-5601
NEW YORK
Endicott
(607) 757-0200
Fairport
(716) 425-1358
(716) 223-7700
Melville
(516) 351-1000
Wappinger Falls
(914) 298-0680
NORTH CAROLINA
Cary
(819) 481-4311
OHIO
Dayton
(513) 435-6886
Highland Heights
(216) 442-1555
(216) 461-0191
ONTARIO
Mississauga
(416) 678-2920
Nepean
(404) 441-2740
(613) 596-0411
Woodbridge
(416) 746-7120

OREGON
Portland
(503) 639-5442
PENNSYLVANIA
Horsham
(215) 675-6111
Willow Grove
(215) 657-2711
PUERTO RICO
Rio Piedias
(809) 758-9211
QUEBEC
Dollard Des Ormeaux
(514) 683-0683
Lachine
(514) 636-8525
TEXAS
Austin
(512) 346-3990
Houston
(713) 771-3547
Richardson
(214) 234-3811
UTAH
Salt Lake City
(801) 322-4747
WASHINGTON
Bellevue
(206) 453-9944
WISCONSIN
Brookfield
(414) 782-1818
Milwaukee
(414) 527-3800

)i
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National Semiconductor (UK) Ltd.

1, Bianco Lunos Alle
DK-1868 Fredriksberg C
Denmark
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National Semiconductor
Expansion 10000
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F-92260 Fontenay-aux-Roses
France
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Telex: 250956
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Box 2016
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Finland
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Telex: 126116

National Semiconductor Japan

Ltd.

Sanseido Bidg. 5F
4-15 Nishi Shinjuku
Shinjuku-ku

Tokyo 160 Japan
Tel: 3-299-7001
Fax: 3-299-7000
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Hong Kong Ltd.
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Tel: 852 3-7243645
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National Semiconductor
(Australia) PTY, Ltd.

1st Floor, 441 St. Kilda Rd.
Melbourne, 3004

Victory, Australia

Tel: (03) 267-5000

Fax: 61-3-2677458

National Semiconductor (PTE),
Ltd.

200 Cantonment Road 13-01
Southpoint

Singapore 0208

Tel: 2252226

Telex: RS 33877

National Semiconductor (Far East)
Lid.

Taiwan Branch R

P.O. Box 68-332 Taipei

7th Floor, Nan Shan Life Bldg.

302 Min Chuan East Road,

Taipei, Taiwan R.O.C.
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Telex: 22837 NSTW

Cable: NSTW TAIPE!

Nationat Semiconductor (Far East)
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Korea Office
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